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COCOA COMPONENTS, EDIBLE
PRODUCTS HAVING ENRICHED
POLYPHENOL CONTENT, METHODS OF
MAKING SAME AND MEDICAL USES

This application is a continuation of U.S. application Ser.
No. 09/041,326, filed Mar. 12, 1998, now U.S. Pat. No.
6,194,020, which was the National Stage of International
application Ser. No. PCT/US97/15893, filed Sep. 8, 1997
and a continuation of U.S. Ser. No. 08/709,406, filed Sep. 6,
1996, now U.S. Pat. No. 6,015,913,

CROSS-REFERENCE TO RELATED
APPLICATIONS

Reference is made to copending U.S. applications Ser.
No. 08/317,226, filed Oct. 3, 1994 (allowed, now U.S. Pat.
No. 5,554,645}, Ser. No. 08/631,661, filed Apr. 2, 1996, Ser.
No. 08/709,406, filed Sep. 6, 1996, now US. Pat. No.
6,015,913 and Ser. No. 08/831,245, filed Apr. 2, 1997,
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to cocoa components having
enhanced levels of cocoa polyphenals, processes for pro-
ducing the same, methods of using the same and composi-
tions containing the same. More specifically, the invention
provides a method of producing cocoa components having
an enhanced content of cocoa polyphenocls, in particular
procyanidins. The cocoa components include partially end
fully defatted cocoa solids, cocoa nibs and fractions derived
therefrom, cocoa polyphenocl extracts, cocoa batter, choco-
late liquors, and mixtures thereof. ‘

The invention alsc relales to versatile novel processes for
extracting fal from cocoa beans and/or processing cocoa
beans to yield a cocoa componen! having a conserved level
of polyphenols, in particular procyanidins. The invention
provides a significantly less complex process with respect to
total cost of process equipment, maintenance, encrgy and
labor, with the concomitant benefil of obtaining components
having conserved concenirations of polyphenols relative to
the starting materials.

2. Description of the Related Art

Documents are cited in this disclosure with a full citation
for each. These documents relate to the state-of-the-art to
whick this invention pertains, and ¢ach document cited
herein is hereby incorporated by reference.

Confections and other edible compositions coataining
cocoa components have a very distinct taste and moutbfeel
that have been enjoyed by individuals for many years. The
unique flavor and mouthfeel of chocolate, for example, is a
result of the combinations of its numerous components as
well as its process of manufacture. It is well known that the
mouthfeel and aroma/flavor of a chocolate are factors which
greally influence the desirability of the final chocolate
product. Accordingly, the primary focus of conventional
processes using cocoa components is the development of the
distinctive chocolate mouthfeel and flavor/aroma. Through-
out the eatire chocolate manufacturing process, from the
selection of the cocoa beans as a cornmodity at the couniry
of origin to the tempering and solidification of the final
chocolate, the development of the appropriate mouthfeel
and/or aroma/flavor of the final product dictates the selec-
tions made and the process parameters used.

Chocolate contains solid particles dispersed throughout a
fat matrix. Factors that influence the mouthfeel of & choco-
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late include the particle size distribution of the solids, the
properties of the fat matrix material and how the chocolate
is made.

Cocoa buiter is typically the predominant fat in the
chocolates. Cocoa butter is solid al room temperature
(21°-24° C.) and thus most chocolates are firm and solid at
room temperature providing good “snap” at ipitial bite.
Above room temperature, the fat phase melts progressively
until it is completely melted at about 36° C. This rapid
melting io the mouth, at body femperature, provides the
smooth, creamy mouthfeel which results in a strong flavor
mmpact.

The flavor/aroma characteristics of the cocoa product are
dependent on the combination of numerouns solid and fat
components as well as the process of marufacture. The
flavor/aroma characteristics are dependent on (1) initial
cocoa bean selection (i, level of fermentation, genotype,
origin, etc.), (Z) method of processing the beans (ie.,
cleaning, roasting, shell removal, etc.) (3) processing of the
cocoa components (Le., milling) and (4) final processing to
form: the final product (ie., selection of cocoa component
and other ingredieats, conching, etc.).

The several roles of selecting beans, fermenting them,
cleaning them and processing them to obtain good flavor and
other desirable characteristics is well known and is
described below.,

1. The Cocoa Bean

Cocoa beans are derived from cocoa trees which are
found in warm, moist climates in areas abour 20 degrees
latitude north and south of the Equator. In general, the seeds
of the Theobroma cacac {of the order Sterculiacae) are
known chiefly in two varieties: Criollo and Forastero, with
Torastero divided into several varieties. A thind group, called
Trinitario, is essentially a cross between Cniotlo and Foras-
tero and is not found in the wild. Freshly harvested raw
Criollo beans are pale brown in color while Forastero beans
are a purple hue.

The cocoa bean is comprised of an inner nib portion
covered by an outer shell. After conventional drying, the
shell, of the bean comprises about 12 to 15% of the weight
of the bean, while the nib and residual moistire amounts to
approximately 85 to 88%. Typical analytical data ranges for
chemical components of cocoa nib are: fat content of 48 to
57%; theobromine content of 0.8 to 1.3%; caffeine content
of 0.1 to 0.7%; total nitrogen content of 2.2 to 2.5%; ash
content of 2.6 to 4.2%, and water content of 2.3 to 3.2% (see
Pearson’s Composition and Analysis of Foods, 9th Ed.,
1991,

2. Fermentaiion of the Bean

Fermentation, an early step in the processing of cocoa
beans, is important to the development of suitable flavors
and/or flavor precursors. It was previously believed that
fermentation and drying of the cocoa beans were “of vital
importance as no subsequent processing of the bean will
correct that practice at this stage™ (Chocolate, Cocon and
Confectionery: Science and Technology, 3rd Ed., by Bernard
W. Minifie, p. 13 (1989)). During the fermentation and
drying processes, ihe unfermented wet beans taken from the
pud lose sbout 65 percent of their weight, assuming the final
optimum moisture content of 6 percent is attained (Minifie,
p. 14). The level of fermentation in the dried cocoa bean is
typically determined by the “cut test” (defined further
below).

It is well known in the art that flavor in the final cocoa or
chocolate is closely related to fermentation. For example, if
the beans are cleaned and separated from the pulp and dried
without any fermentation, the nib will not be the brown or
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purple-brown color of fermented dry cocoa beams but
instead a slaty grey color (Industrial Chocolate Manufacture
and Use, 2nd Ed., by S. T. Beckett, p. 13). Chocolate made
from slaty, unfermented beans typically tastes very bitter and
astringent without any apparent chocolate flavor (Beckett, p.
13).

Accordingly, fully fermented cocoa beans are more desir-
able than underfermented cocos beans frem a flavor/aroma
standpoint and typically sell at a higher price. The fermented
cacoa beans are usually used to produce chocolate liquors.

Underfermented beans are convenlionally processed for
their cocoa butter. The quahity of the cocoa butter is not
affected by underfermentation. The quality of the cocoa
solids, however, is affected since they do not contain suffi-
cient color, ftavor/aroma and are therefore either discarded
or sold for low-value uses. Although chocolate liquors
and/or partially defatted cocoa solids are sometites pro-
duced from & nonhomogeneous mass of beans contzining &
portion of underfermented beans, the resultant liquor or
solids require subsequent treatment or processing. Since
unfermented beans are not conventionally processed
commercially, they are not typically available.

3. Bear Cleaning :

Once the cocoa beans are selected, they are cleaned to
remove extraneous matter and then processed. The initial
step consists of cleaning the beans to remove extraneous
non-cocoa materials. Conventional bean cleaning separates
beans from extraneous non-cocoa materials by either size or
density using a cleaning machine which is a gravity, vibra-
tory or aspiration table (see Minifie, p. 35; Chocolare
Production and Use, 3rd Ed., by L. Russell Cook, pp.
144-146; and Beckett, p. 55).

Current cocoa bean cleaning technofogy is typically im-
ited in separation ability to 2 minimum density difference of
10-15%. This reduces the efficiency of achieving an accu-
rate separation of bean and extrancous non-cocoa malerials
and therefore reduces the clear bean yield of the process.
Additionally, conventional cleaning machines become cas-
ily clogged and require frequent cleaning. This also reduces
the cleaning efficiency and the clean bean yield of the overall
process.

Moreover, conventional cleaning machines have a ten-
dency to fracture the beans during cleaning which reduces
the percentage of whole beans available after cleaning.
These broken bean pieces can later give rise to problems
during roasting and winmowing. For instance, small bean
pieces.will burn readily at the elevated temperatures used
during ‘roasting and may result in burnt and ashy Havored
liquors which are unacceptable from a flavor standpoint.
Small bean picces may akso decrease the efficiency of the
winnowing process because they cap be lost during the
aspiration of the sheils and result in overall yield efficiency
losses.

4. Bean Roasting

In most conventiopal processes, roasting of the whole
bean or nib is an essential step in the manufacture of
chocolate liguor or partislly defatted cocoa solids. Whole
bean roasting was previously believed to be critical for
developing the nataral Havor and aroma of the cocoa beans
and reducing the moisture content of the bean 1o below about
2% by weight. Whole bean roasting also loosens the sheil so
that it can be readily removed during the winnowing pro-
cess. The degree of cocona roast is a fime/temperature depen-
dent relationship, where the time can vary from 5 to 120
minuies and the temperature of the whole bean can typically
vary from 120° C. to 150° C. In the pre-roasting of whole
beans, an initial heating step can be performed at just below
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100° C., followed by roasting of the nibs al elevated
tepperatmres up to about 130° C. (see Minific, especially pp.
37 and 45-46; Cook, pp. 146-152; Beckett, pp. 55—64; and
U.S. Pat. No. 5,252,349 to Carter, Jr.).

5. Winnowing-Shell Removal

The winnowing operation serves 1o separaie the beans
into the desired inner portion of the bean (nib) and the cuter
portion of the bean (shell). The principle of separation by a
winnowing process depends on the difference in the appar-
ent density of the niby and of the shell. Standard winnowing
machines make use of the combined action of sieving and air
aspiration. The shell is looseped during the conventional
roasting aod/or other heating steps. After Ioosening, the
beans are (ypically broken between rollers to shatter the
cocoa beans along natural fracture lines of the cocoa nib to
facilitate shell removal during winnowing (see U.S. Pat. No.
2,417,078 to Jones; U.S. Pat. No. 5,252,349 to Carter, Jr.;
Minifie, pp. 47--51; Cook, pp. 152-153; and Beckett, pp.
67-68).

Some cocoa bean processing techniques include a heat
pre-treatment siep to aid i the separation of the shell from
the nib. This involves giving the beans a thermal shock by
hot air, steam or infra-red heat (see U.S. Pat. No. 4,322,444
to Zuifichem et al.; British Patent No. 1,379,116 to Newion;
Minifie, pp. 44—43; Cook, p. 155; and Beckett, pp. 60—62).

Infra-red heat pre-treatment uses infra-red heating 1o
rapidly heat and expand the beans. This loosens the shells,
The method consists of exposing the beans to infra-red
radiation for a period of between one half and two minutes,
during which time the beans are typically beated 1o a
temperature of about 100 to 110° C. The infra-red radiation
used has a wavclength between 2 and 6 microns which
corresponds to a frequency in the range of 0.7 to 1.2x10%
megacycles per second.

6. Formation of Chocolate Liguor and other Cocoa Com-
ponents

The mext step in conventional cocoa processing, after
winnowing, involves nib grinding. Nib grinding is typically
performed in two stages, an initial grinding stage fo convert
the solid nibs into a fluid paste and a final grinding stage to
achijeve the desired particle size. Both of these stages are
equipment, maintenance, and energy intensive.

The cleaned roasted cocoa mibs typically vary in cocoa
butier content from 50-58% by weight. During the grinding,
the pib is ground, for instance by milling, into a fluid, dark
brown “liquor”. The fluidity is due to the breakdown of the
cell walls and ihe release of the cocoa butter during the
processing. Ground particles of partially defatted cocoa
solids are suspended in the cocoa butter. This liquor is
sometimes commercially sold as a product useful in the
confectionery and baking industries where machinery for
processing the cocoa beans is oot available.

Other conventional cocoa processing includes separating
cocoa butter from liquor. This is accomplished by using 2
batch hydraulic pot press (“hydraulic press”™) to separate the
cocoa butter from the cocon solids. The resultant cocoa
butter is subsequently filtered to yield a clear, solid-free
cocoa butter. Butter can also be produced by a continuous
screw press to extract the butter from whole bean with shell
or less frequently, from nibs (see U.S. Pat. No. 5,252,349 to
Carter, Jr; and Minifie, especially pp. T1-72).

The resulting cocoa cake from either hydrzulic presses or
screw presses may be milled into cocoa powder. Cocoa cake
typically contains either 10~12% cocoa fat or 20-22% cocoa
fat (see Minifie, pp. 72-76; Cook, pp. 169-172; and Beckett,
pp. 78-82). Cocoa powder from cocoa cake obtained by
hydraulic pressing is usually produced by milling the cocoa
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cake. If natural cocoa powder is desired, cocoa cake is fed
directly to the cocoa cake mill. If alkalized cocoa powder is
desired, the cake from an alkalizing process is fed to the
mill. Hydraulic pressing produces a cocoa cake which is an
agglomerate of previously milled cocoa partickes. Cocoa
cake mills for cocoa cake from hydraulic pressing are
therefore designed to reduce the size of these agglomerates.

The natural cocoa cake or patural cocoa powder can be
further processed by alkalizing to modify the color and
flavor qualities of the cake {see U.S. Pat. No. 3,997,680 to
Chalin; U.S. Pat. No. 5,009,917 1o Wiant, et al.; Minifie, pp.
61-67; Cook, pp. 162-165; and Beckett, pp. 71-72). The
alkalizing process can be used at any of several different
siages of processing and includes the treatment of either the
beans, Liquor, nib, cake or powder with sohttions or suspen-
sions of alkali, usually, but not limited to, sodinm or
polassiem carbonate. After alkalizing, the cocoa solids are
dried and cooled. The dried cocoa solids are subsequently
milled to produce alkalized cocoa powder, and thereafter
cooled and packaged.

7. Polyphenols in Cocoa Beans and Their Utility

Cocoz beans contain polyphenols. These polyphenols
have recently been exiracted and screened for biological
activity. It has been discovered that cocoa polyphenol
extracts, particularly procyanidins, have significant biclogi-
cal utibty. The extracts or compounds further separated
therefrom have generally been prepared, on a labomatory
scale, by reducing cocoa beans to a powder, defatting the
powder, and exiracting and purifying the active compound
(s) from the defatted powder. The powder is generally
prepared by freeze-drying the cocoa beans and pulp, depulp-
ing and deshclling the freeze-dried beans and grinding the
deshelled beans or nibs. The exiraction of active compound
(s) has'been accomplished by solvent extraction techniques,
and the extracts have been purified by gel permeation
chromatography, preparative High Performance Liquid
Chromatography (HPLC) techniques, or by a combination
of such methods (see U.S. Pat. No. 5,554,645 to Romancyzk
et al).

It has now been determined that the recovery of polyphe-
nols appears to be inversely proportional to the degree of
fermentation of the cocos beans. Accordingly, the use of
fermented beans as a feedstock materist, which is important
for good chocolate flavor, reduces the amount of polyphe-
nols available in the cocoa component(s) derived from the
beans.

It has also been determined that higher processing tem-
peratures and/or longer processiog fimes, e.g. in the roasting
step, reduces the amount of polyphenols available in the
cocoa components derived from the feedstock beans. Cocoa
components have nol, heretofore, been produced having
substantial quantities of polyphenols. These problems in the
art have not heretofore been recognized.

OBJECTS OF THE INVENTION

It is an object of the inveation to overcome the above-
mentioned difficulties and/or deficiencies in the priof art.

More specifically, it is an object of the invention to
provide methods of selecting and/or processing cocoa beans
for producing cocoa components having enhanced levels of
cocoa polyphenols.

It is a further object of the invention to provide a method
of processing cocoa heans, wherein a significant amount of
cocoa polyphenols present in the pre-processed bean is
conserved in the processed bean.

It is yet another object of the invention to provide cocoa
components, incliding cocos nibs or portions thereof,
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6
chocolate liquor and partially or fully defattéd cocoa solids,
cach baving ephanced levels of cocoa polyphenols, and
products containing the cocoa components.

ftis an additional object of the invention to provide a
method of manufacturing chocolates, chocolate~-flavored
confections, chocolate-flavored compositions, edible
compositions, supplements, and combinations thereof hav-
ing enhanced levels of cocoa polyphenols or derivatives
thereof.

1t is a further object of the invention to provide a method
of improving the health of a mammal vsing the products of
the invention. ,

It is a stili further object of the invention to provide a
method of improving the flavor/aroma characteristics of
cocoa components, particularly chocolate liquor, containing
enhanced levels of cocoa polyphenols.

It is a still further object of the invention to pravide a
method of producing cocoa butter and cocoa solids having
a high vield of cocos butter per amount of cocos beans
processed.

it is another object of the invention to provide a method
of winnowing beans to remove the shell portion from the
inner portion using an air fluidized bed density separation
system.

It is another object of the invention to provide a method
of producing high quality cocoa butter without requiring a
bean roasting step or a liquor milling step.

These and other objects and advantages of the invenotion
will beconre further apparent from the teachings hereinafter
provided by the detailed description, test data, and
examples.

SUMMARY OF THE INVENTION

The invention relates 1o novel versatile methods of pro-
cessing cocoa beans to form cocoa components having
improved properties of charactenistics, products made from
those methods and methods of using the same. More
specifically, the invention relates to methods of producing
covea compenents having enhanced levels of cocoa
polyphenols. Parameters of the several cocoz processing
steps, including the selection of the cocoa bean feedstock,
are controlled and/or manipulated fo result in a valusble
cocoa component while conserving a significant amount of
the cocoa polyphenol content present in the cocoa bean.
Thus, the invention relates to methods of obtaining cocoa
components having conserved levels of cocoa polyphenols
refative to the starting materials, and to the products of those
processes produced thereby. The invention avoids the sig-
nificant and detrimental losses of cocoa polyphenols that
occur during conventional processing.

The invention also relates to novel cocoa components
having eshanced levels of cocoa polyphenols produced by
the methods of the invention. More specifically, the inven-
tion relates to novel cocoa components including cocoa nibs
or portions thereof, chocolate liquors, partially or fully
defatted cocos solids, cocoa polyphenol exiract, and com-
binations thereof having higher levels of cocoa polyphenols
in comparison with conventionally produced cocoa compo-
nents.

The invention also relates 1o novel compositions contain-
ing the novel cocoa components including edible products,
chocolates, chocolate-flavored confections, chocaolate-
fiavored compositions, ingestible products, digestible
products, chewable compositions and combinations thereof.
The invention is thus in povel products havicg ephanced
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levels of cocoa polypbenols and novel products containing
a cocoa polyphenol additive or a derivative thereof. The
additive may be an extract from cocoa beans or a cocoa
component thereof, or may be synthetic.

The invention further relates to the treatment of cocoa
components, particularly chocoelate liquors, 1o provide a
cocoa component having high levels of cocoa polyphenols
with acceptable aroma/flavor characteristics. The treatment
includes the removal of undesirable and/or off flavors that
may be present in a cocca component, the manipulation of
the aroma/flaver profile using additives or the blending of
cocoa components having varying levels of cocoa polyphe-
nols and varying degrees of aroma/flavor.

The invention also relates 1o methods for the produciion
of cocoa polyphenol extract from cocoa beans or compo-
nents thereof and to the use of the extract as ap additive to
edible compositions.

The invention also relates o novel methods of improving
the health of a mammal, particularly humans, using the
products containing cocoa polyphenols, particularly prod-
ucts coptaining elevated levels of cocoa polyphenols. These
methods include the use of the cocoa polyphenols te provide
one or more of the following activities: reducing periodontal
disease, antigingiviils, antiperiodontis, reducing
atherosclerosis, LDI. oxidation inhibitor, reducing
hypertension, antineoplastic, antioxidant, DNA topoi-
somerase Il enzyme inhibitor, cyclo-oxygenase modulator,
lipoxygenase modniator, nitric oxide (NO) or NO-synthase
modulator, noa-steroidal anti-inflammatory, apoptosis
modulator, platelet aggregation modulator, blood or in vivo
glucose modulator, antimicrobial and inhibitor of oxidative
DNA damage activily.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1{a){d) illustrate the change in the surface of the
cut bean half during the fermentation of the cocoa bean:
FIG. 1{z) depicis the cut bean half of an unfermented cocoa
bean; FIGS. I(B)(d) depict the cocoa bean as it is
fermented, with F1G. Yd) illustrating the folly fermented
cocoa bean;

FIG. 2 is a graphical representation of cocoa polyphenacls
level/fermentation relationship for five cocoa bean samples,
wherein the vertical axis represents the level of cocoa
polypherol pentamer (ug/g) from chocolate liquors derived
from these cocoa beans defatted and the horizational axis is
the degree of fermentation vsing the fermentation factor (as
defined below);

FIG. 3 shows an overview of the method of the present
invention, and the various products which can be produced
by the process (process options dependent upon economics
of products, and/or by-products);

FIG. 4 is a graphical representation illustrating the levels
of total cocoa polyphenols present in the cocoa bean or
portion thereof during conventional chocolate liguor pro-
cessing (line A) and during processing according o one
embodiment of the invention (line B),

FIG. 5 is a graphical representation of cocoa polyphenols
level/heating temperature/heating time refationship Ffor
chocolate liquor samples heat weated at three different
temperatures, wherein the vertical axis represents the level
of cocoa polyphenol pentamer (ug/g) from defatted choco-
late liquors and the herizational axis is the time of heat
treatment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS Definitions

1. The term “chocolate™ refers to a solid or semi-plastic
food and is intended to refer to all chocolate or chocolate-

US 6,312,753 B1

25

33

40

45

8

like compositions containing a dispersion of solids within a
fat phase. The term is intended to inchide compositions
conforming to the U.S. Standards Of idemtity (SOI),
CODEX Alimentarivs andfor other inlernational standards
and compositions not coaforming to the U.S. Standards Of
Identity or other international standards. The term includes
sweet chocolate, bittersweet or semisweet chocolate, mitk
chocolate, buttermilk chocolate, skim milk chocolate, mixed
dairy product chocolate, sweet cocoa and vegetable fat
coating, sweet chocolate and vegetable fat coating, milk
chocolate and vegetable fat cosating, vegetable fat based
coating, pastels inchuding white chocolate or coating made
with cocoa butier or vegetable fat or a combination of these,
nutritionally modified chocolate-like compositions
(chocolates or coalings made with reduced calorie
ingredients) and low fat chocolates, unless specifically iden-
tified otherwise.

In the United States, chocolate is subject to a standard of
identity established by the U.S. Food and Drug Adminisira-
tion (FRA) under the Federal Food, Drug and Cosmetic Act.
Definitions and standards for the various types of chocolate
are well established in the U.S. Nonstandardized chocolates
are those chocolates which have compositions that fall
outside the specified ranges of the standardized chocolates.

The fat phase of the chocolate of the inveniion can include
cocoa butter, milkfat, anhydrous milkfat, buttercil, and other
vegelable fat and other modifications of these fats (CBR,
CBE and CBS, referring to cocoa butter replacers, equiva-
lents and substitites) and synthetic fats or mixtures of cocoa
butter with these fats. See Minifie, pp. 100-109.

The chocolate may contain a sugar syrup/solids, invert
sugar, hydrolyzed laciose, maple sugar, brown sugar,
molasses, honey, sugar substitute and the like. The term
“sugar substitute” includes bulking agents, sugar alcohols
(polvols such as glycerol), or high potency sweeteners or
combinations thereof. Nuiritive carbohydrate sweeteners
with varying degrees of sweetness intensity may be any of
those typically used in the art and include, but are not limited
to, sucrose, ¢.g. from cane or beet, dextrose, fructose,
lactose, maltose, glucose syrup solids, corn syrup solids,
invert sugar, hydrolyzed lactose, boney, maple sugar, brown
sugsr, molasses and the like. Sugar substitutes may partially
replace the nutritive cartbohydrate sweetener. High potency
sweeteners include aspartame, cyclamales, saccharin,
acesulfame-K, neohesperidin dihydrochaicone, sucralose,
alitame, stevia sweeteners, glycyrehizin, thaumatin and the
like and mixtures thereof. The preferred high potency sweet-
£ners are aspartame, ¢yclamates, saecharin, and acesulfame-
K. Examples of sugar alcohols may be any of those typicatly
used in the art and include sorbitol, mannitol, xylitol,
maltitol, isomalt, lactitel and the like.

The chocolstes may also contain bulking agents. The term
“butking agents” as defined herein may be any of those
typically used in the art and include polydextrose, cellulose
and its derivatives, maltodextrin, gum arabic, and the like.

The chocelate products may conizin emulsifiers,
Examples of safe and suitable emulsifiers may be any of
those typically used in the art and include lecithin derived
from vegetable sources such as soybean, safflower, com,
etc., fractionated lecithins eariched in either phosphatidyl
choline or phosphatidyl ethanolamine, or both, mono- and
digylcerides, diacetyl tantaric acid esters of mono- and
digtycerides (also referred to as DATEM), monosodinm
phosphate derivatives of mono- and diglycerides of edible
fats or oils, sorbitar monostearate, hydroxylated lecithia,
lactylated fatty acid esters of glycerol and propylene glycol,
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polyglycerol esters of fatty acids, propylene glycol moro-
and di-esters of fats and fatty acids, or emulsifiers that may
become approved for the US FDA-defined soft camddy cat-
egory. In addition, other emuisifiers that can be used include
polyglycerol polyricinoleate (PGPR), ammonium salts of
phosphiatidic acid, (c.g. YIV) sucrose esters, vat extract, etc.,
any emulsifier found to be sunitable in chocolate or similar
fat/solid system or any blend.

2. The term “chocolate-fiavored confection” refers to food
products, excluding “chocolate”, baving a chocolate flavor/
aroms and comprising a cocoa fraction. These products are
siable at ambient lemmperaiures for extended periods of time
(e.g., greater than 1 week) and are characterized as micro-
biologically shelf-stable at 18-30° C. under normal atmo-
spheric conditions. Examples include chocolate-flavored
hard candies, chewables, chewing gums, efc.

3. The term “chocolate-flavored compositions™ refers to
chocolate-flavored compositions, excluding “chocolate”,
containing a cocos fraction and having & chocolate flavor/
aroma. Examples include chocolate-flavored cake mixes, ice
creams, syreps, baking goods, etc.

4. The term “fats”, as used berein, refer to triglycendes,
diglycerides and monoglycerides that can pormatly be used
in chocolates and chocolate-like products. Fats include the
naturally - occurring fats and oils such as cocoa butter,
pressed cocoa butter, expeller cocoa butter, solvent extracted
cocoa butier, refined cocoa butter, milkfat, anhydrous
milkfat, fractionated milkfat, milkfat replacers, butterfat,
fractionated butierfat, cocoa butter equivalents (CBE),
cocoa buiter substitutes (CBS), cocoz butter replacers
{CBR), reduced calorie fats and/or synthetically modified
fats such as Caprenin®. An example of a reduced caloric fat
is Caprocaprylobehein (commonly known as Caprenin®) as
described in U.S. Pat. No. 4,888,196 to Ehrman, ef al., which
is inootporated herein by reference.

5. The term “food product” includes any food product, for
example, those set forth in 21 CFR § 101.12. The term
includes chocolate-Aavored composilions (e.g., cakes,
nougats, puddings, etc.), as well as compositions not having
a chocolate-flavor (e.g., caramels, eic.)

6. The term “fermentation factor” is a pumerical quanti-
fication of the level of fermentation of a batch of cocoz
beans. Fermentation factors range from 100 (under/
unfermented) to 400 (fully fermented).

In order to assess the degree of fermentation, cocoa beans
are typically subjected to a standard cut test for assessing
guality as defined in industry grade standards. The bean
halves are laid out on a board for visual inspection of color
a5 well as defects which can arise during bean fermentation,
drying and/or storage.

Beans can be divided into four fermentation categories
according to their color and appearance: (a) fully fermented,
e.g., predominantly a brown hue; (b) partially fermented,
e.g., purple/brown; {¢) pwple (underfermented); and (d)
slaty (very underfermented and/or unfermented beans).

Purple/brown beans include all beans showing any blue,
purple or vialet color on the exposed surface, whether
suffused or as a patch. Purple beans shoubd include ail beans
showing a complelely blue, purple or violet color over the
whole exposed surface. This should also include, irrespec-
tive of color, any beans which are slaty, but not predomi-
nantly so (wherein predominantly, in this context, means
more than half).

The “fermentation factor” is determined using a grading
system for characterizing the fermentstion of the cocoa
beans. Slaty, being underfunfermented, is designated as 1,
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purple as 2, purple/brown as 3 and brown as 4, The per-
centage of beans falling within each category is multiplied
by the weighted number. Thus, the “fermentation factor” for
a sample of 100% brown beans would be 100x4 or 400,
whereas the fermentation factor for a sampte of 100% purple
beans would be 1002 or 200. A sample of 50% slaly beans
and 50% purple beans would have a fermentation factor of
150 {(50x1)H50=2)].

Cut tests applicable 1o cocoa beans derived from the
Trinitario and Forastero types may or may not be applicable
10 cocoa beans derived from the Criollo type, for example,
where bean color variation ranging from fully purple to light
tan can be encountered. Accordingly, the cut test based on
color would not be applicable to specific cocoa genotypes
lacking the anthocyanin pigments responsible for the purple
color, such as the Catango (or Catongo) type whose beans
are light tan in color. Other exceptions include “cocoa
beans” derived from other Theobroma species, the Herrania
species and their inter- and intra-specific crosses. The beans
from these species are “tan” in color. For these types of
beans the level of fermentation may be determined using a
modified standard cut test. Using the modified test, the
surface of the bean (halved) is inspected for the degree of
lines, fissures or cracks which form during fermentation,
rather than the change of color.

FIGS. 1(a)(d) illustrate the change in the surface of the
cul bear half during the fermentation of the cocon bean. As
can be seen from FIGS. 1(a){d), the mumber of lines/
fissures and the extent to which they extend across the entire
surface of the cut bean half increases as the bean is fer-
mented. FIG. 1(a) depicts the cut bean balf of an unfer-
mented cocoa bean where the surface is relatively smooth.
FIGS. Kb)-{d) depici the cocoa beans as it is fermented,
with FIG. 1{d} illustrating the fully fermemed cocoa bean.
As the cocoa bean is fermented, the surface develops small
branch-like lines or fissures. This modified Llest can also be
used 10 approximaie the fermentation factor wherein a cocoa
bean corresponding to FIG. 1{a) is designated as 100, FIG.
1(b) as 200, FIG. 1{c) as 300 and FIG. 1(d) as 400.

While the definitions of the aforementioned categories are
a general guide, the assessment according to these categories
is well within the skill of the ordinary skilled artisan well
versed in chocolate and cocoa processing (see Wood ef al,,
Cocoa, 4th Ed. (1985), incorporated herein by reference,
especially pages 511 10 513).

7. The numerical terms or qualitative characteristics of the
level of cocoa polyphenols in beans or in components refer
10 the amount detectable and measurable using the method
of evaluating the levels set forth in Example 5.

8. The term “significent amount” means ap amount which
maintains the basic characteristics of the specified ingredi-
ents or composition or product.

9. The term “chocolate liguor™ refers to the dark brown
Auid “liquor” formed by grinding a cocoa nib. The fluidity
is due to the breakdown of the cell walls and the release of
the cocoa butter during the processing resulting in a sus-
pension of ground pasticles of cocoa solids suspended in
cocon butter (See, Chocolate, Cocon and Confectionery:
Science and Technology, 3rd Ed., by Bermard W. Minifie).

t(t. The term “fafr average quality cocoa beans” refers to
cocoa beans that have been separated from the pulp material
and dried and are relatively free of mold and infestation.
Such beans are a commercial commodity and form the
feedstock for the next step ir the production processes, 1.¢.
infra-red beating, roasting, pressing, etc. The term includes
any such bean that has been genetically modified or pro-
duced.
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11. The term “raw freshly harvested cocoa beans™ refers
to seeds or beans freshly harvested from the cocoa pod end
which have not been subjected to processing other than
separation from the pulp. The term includes any such bean
that has been genetically modified or produced.

12. The term “partially defatted cocoa solids™ refers to the
solid portion(s) derived from shell-free partially defatted
cocoa mibs, including cocoa powders, cocoa cake, cocoa
polyphenol extracts, alkalized powders or cakes, etc.
(excluding chocolate liquor and cocoa butler).

13. The term “cocoa polyphenol” refers to the polyphenol
compounds present iz cocoz beans and derivatives thereof.
The term cocoa polypheno! is intended to include polyphe-
nols extracted from cocoa beans and derivatives thereof, as
well as structurally similar synthetic materials,

The term polyphenols includes the preanthocyanidins
extracted from cocoa beans and derivalives thereof, as well
as structurally similar synthetic materials and includes the
procyanidins extracted from cocoa beans and derivatives
thereof as well as structurally similar synthetic materials.

More specifically, the term “cocoa polyphenol” includes
monomers (notwithstanding the term polypbenol} of the
formula A, (where 0 is 1) or oligomers of the formula A,

10

15

(where n is an integer from 2 to 18, and higher), wherein A 55

has the formula:

and R is 3-(a}—OH, 3-(f>—OH, 3«{a)—O-sugar, or
3By—0O-sugar,

bonding between adjacent monomers takes place at posi-
tions 4, 6 or §;

2 bond to 2 monomer in position 4 has alphs or beta
stereachemistry;

X, Y and Z are selected from the group consisting of A,
hydrogen, and a sugar, with the provisos that as to at
least one terminal monomer, bonding of the adjacent
monomer thereto is at position 4 and optionally YeZ=
hydrogen,

the sugar is optionally substituted with a phenolic moiety;
and

salis, derivatives and oxidation products thereof.

Advantageously, the sugar is sclected from the group
consisting of glucose, galactose, xylose, thamnose and ara-
binose. The sugar of any or all of R, X, Y, and Z can
optionally be substituted at any position with a phenolic
moiety via an ester bond. The phenolic moiety is selected
from the group consisting of caffeine, cinnamic, coumaric,
ferulic, gatlic, bydroxybenzoic and sinapic acids, One or
more of the cocoa polyphenol compounds may be used
simultanecusly, e.g., in “combinations” in formulation(s)
comprising one or more of such cempounds.

The term “oligomer”, as used herein, refers to any com-
pound of the formula presented above, wherein n is 2
through 18, and higher. When n is 2, the oligomer is termed
a “dimer™; when n is 3, the oligomer is termed a “irimer”™;
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when n is 4, the oligomer is termed a “tetramer”; when 1 is
3, the oligomer is termed & “pentarner”™; and similar recita-
tions may be designated for oligomers having n up to and
including 18 and higher, such that when o is 18, the oligomer
is termed ap “octadecamer”. .

The termt “cocoa polyphenols” is further defined in U.S,
applications Ser. No. 08/317,226, filed Oc. 3, 1994
{allowed, now U.S. Pat. No. 5,554,645)', Ser. No. 08/631,
661, filed Apr. 2, 1996, Ser. No. 08/709,406, filed Scp. 6,
1996, and Ser. No. 08/831,245, filed Apr. 2, 1997, incorpo-
rated herein by reference.

14, The term “treating”™ is infended to refer to methods of
processing the cocea beans including drying, heating (e.g.,
roasting, infra-red heating, etc.), chemical treatment (e.g.,
with anti-microbial agents), rehydrating, pressing, solvent
extraction, microwave assisted extraction, etc.

15. The term “cocoa component” is intended to refer to a
fraction derived from shell-free cocoa nib and includes
chocolate liquor, partially or fully defatted cocoa solids (e.g.,
cake or powders), cocoa extracts, cocoa butter, cocoa nib or
portions thereof, cic.

DETAILED DESCRIPTION OF THE
INVENTION

A. Cocoa Bean selection

As set forth above, conventional processes utilize fer-
mented cocoa beans to form cocoa components, Applicants
have discovered that the level of cocos polyphenols in the
cocon beans decreases dramatically during fermentation.
FIG. 2 shows the pentamer content of liquors derived from
cocoa beans of different origins with varying degrees of
fermentation. The data represented in this graph were col-
lected by visually color sorting the beans. Categories used in
grading were slaty, purple, purple brown, and brown—the
standard categories used by the industry to grade fermenta-
tion levels of beans during a cut test. Each ssmple (300 g)
was roasted for 15 minutes at 150° C. in a convection oven.
The roasted beans were then cracked and winnowed. A
liguor was produced using a Melange milling apparatus with
a one hour cycle time. To make the fermentation a continu-
ous scale (x-axis) the different colors were given a weighted
number.

These resslts demonstrated that underfermented beans
have higher polyphenol levels than fermented besns. By
processing underfermented beans # is possibie to make
liguors with higher polypbenocl contents.

Accordingly, one aspect of the invention relates to meth-
ods of producing cocoa components containing enhanced
levels of cocoa polyphencls from underfermented cocoa
beans. The use of underfermented cocoa beans or a blend of
underfermented cocoa beans with fermented cocoa beans
provides a cocon component having enhanced levels of
cocoa polyphenols.

Therefore, one embodiment of the invention relates to the
use of cocoa beans having a fermentation factor less than
375, preferably less than 325, advantageously less than 275,
even more advantageously less than 225, desirably less than
175 and most desirably less than 150, In another preferred
¢mbodiment underfermented cocoa beans baving a fermen-
tation factor less than 125 and even abowt 100 are used.

B. Methods of Producing Cocoa Components
Having Ephanced Levels of Polyphenols

An outline of one embodiment of the invention is shown
in FIG. 3. The method of the inventioa includes modifica-
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tions of certain steps of the process to produce three types of
products. One process modification (Modification A)
enables the production of cocoa solids containing conserved
levels of polyphenols relative to the level of polyphenols in
the cocoa bean feedstocks. Polyphenols are conserved in the
product at higher levels than in conventional processes.
Modification B cnables the production of cocoa butter
without necessarily the concomiiant conservation of
polyphenols. Modification C enables the production of
cocoa solids and fat products with enhanced contents of
polyphenols relative to conventional solid/fat separation
Processes,

In & broad embodiment of the invention 2 cocoa compo-
nent haviog an enhanced coolent of cocoa polyphenol, is
produced in a process comprising the steps oft

(a) treating cocoa beans conlaining cocoa polyphenols

whike conserving a significant amount of the cocoa
polyphenols content thereof to form treated cocoa
beans; and

(b) pmducing the cocoa component from the treated

cocoa beans.

A significant amount of the cocoa polyphenols is con-
served using the inventive methods.

The cocoa beans may be fair average quality cocoa beans,
raw freshly harvested cocos beans or combinations thereof.
The cocoa beans may be uofermented, underfermented, fully
fermented or mixiures thereof, with fermeniation factors
ranging from 100 to 400. Preferably, the cocoa beans are
underfermented to enable the production of a cocoa com-
ponent having the highest levels of cocoa polyphenols.

One embodiment of the invention relates to methods of
processing cocoa beans which are fair average quality cocoa
beans wherein the cocoa polyphenols content of the cocoa
companent produced is from 25 1o 100% by weight of the
cocoa polyphenals content of the fair average quality cocoa
beans. Preferably, the cocoa polyphenols content of the
cocoa component produced is greater than 35% by weight of
the cocoa polyphenols content of the fair average quality
cocoa beans, advantageously greater than 45% by weight,
even more advantageously greater than 55% by weight, and
most advantageously greater than 63% by weight. Accord-
ing to other preferred embodiments, more than 75% by
weight is conserved, desirably more than B5% by weight,
more desirably more than 95% by weight and most desirably
more than 99% by weight.

Another embodiment of the ipvention relates to methods
of processing raw freshly harvested cocoa beans wherein the
cocoa polyphenols content of the cocoa component pro-
duced is from 5 to 100% by weight of the cocoa polyphenols
content of the raw freshly harvested cocoa beans. Prefersbly,

the cocoa polyphenols content of the cocoa component 5

produced is greater than 10% by weight of the cocoa
polyphenols content of the raw freshly harvested cocoa
beans, advantageously greater than 15%. More advanta-
geously greater than 209, and still more advantageously
greater than 25%. According to one preferred embodiment,
greater than 30% is conserved, advantageously greater than
35%, more advantageously greater than 40% and most
preferred greater then 45%. According to a still further
preferred embodiment, greater than 50% is conserved,
advantageously greater than 55%, even better greater than
60% and most preferred greater than 65%. According 10 an
even further preferred embodiment, greater than 70% is
conserved, advantageously greater than 75%, even befter
greater than 80% by weight and most preferred greater than
85%.

The processing steps include heat-treating (e.g., roasting,
infra-red heating, etc.), drying, chemical treatments, etc.

15

25

%]
N

45

40

65

14

Preferably, the treatment steps develop chocolate flavor
without significantly reducing the cocoa polyphenols con-
tent of the feedstock thereof to form heat-treated cocoa
beans.

According to one embodiment of the invention the step of
trealing 1he cocoa beans comprises heat-treating the cocoa
beans at an elevated temperature for a time sufficient 1o
develop chocolale flavor while comserving a significant
amount of the cocoa polyphenols content thereof to form
heat-treated cocoa beans.

The heat-treating includes roasting, infra-red heating,
drying at elevated temperatures and combinations thereof.

According 1o one embodiment of the invention, the beat-
ing of the cocoa bean is to an IBT (internal bean
temperature) greater than 120° C. for at least 1 minute and
the content of cocos polyphenols in the heal-treated beans is
at least 75% by weight (fullfat) of the cocoa polyphenols
content in the pre-treated cocoa beans, advantageousiy
greater than BO% by weight, more desirable greater than
85% by weight, even better greater than %% by weight and
most preferred greater than 95% by weight.

According to another embodiment of the invention, the
heating of the cocoa bean is to an IBT (internal bean
temperature) above 140° C. for at least 1 minute and the
content of cocoa polyphenols in the heat-treated beans is at
least 60% (fullfat) by weight of the cocoa polyphenols
content in the pre-treated cocoa beams, advantageously
greater than 65% by weight, more desirable greater than
7%, even better greater than 75% and most preferred
grester than 80%.

According o yet another embodiment of the invention,
the heating of the cocoa bean is to an IBT (internal bean
temperature) above 160° C. for at least 1 minute and the
content of cocoa polyphenols in the heat-treated beans is at
least 40% by weight (fullfat) of the cocoa pelyphenols

5 content in the pre-treated cocoa beans, advantageously

greater than 45%, more desirable greater than 50% by
weight, even better greater than 55% by weight and most
preferred greater than 60%.

According to a still further embodiment of the invention,
the heating of the cocoa bean is to an IBT (internal bean
temperature) above 120° C. for at least 1 mimute and the
content of cocoa polypheno! pentamer (fullfat) in the heat-
treated beans is at least 60% by weight of the cocoa
polyphenol pentamer conient in the pre-trezied cocoa beans,
advantageously greater than 63%, more desirable greater
than 70%, even better greater than 75% and most preferred
grester than 80%%.

According 1o another embodiment of the invention, the
heating of the cocea bean is to an IBT (iotermal bean
temperature) above 140° C. for at least 1 minute and the
content of cocoa polyphenol pentamer (fullfat) in the heat-
treated beans is at least 25% by weight of the cocoa
polyphenol pentamer content in the pre-treated cocoa beans,
advantageously greater than 3%, more desirable greater
than 35%, even better greater than 40% and most preferred
greater than 50%.

According to another embodiment of the invention, the
heating of the cocon bean is to an IBT (internal bean
temperature) above 160° C. for at least 1 mimute and the
content of cocoa polyphenol pentamer (fullfat) in the heat-
treated beans is at least 15% by weight of the cocoa
polyphenol pentamer content in the pre-treated cocoa beans,
advantageously greater than 20%, more desirable greater
than 25%, even better greater thaa 30% and most preferred
greater than 35%.

Roasting comprises applying external heat to the cocoa
bean or uib by a combination of conduction and convection.
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With conventional roasting conditions, moisture and volatile
substances diffuse from the inner parts of the nib pieces.

According to one embodiment of the invention, roasting
is preferably conducted at an intemmal bean temperature of
from 95 to 160° C. for from 30 seconds {0 5 hours,
advantageously from 95 to 150° C. for from I minute to 3
hours, even better from 95 to 140° C. for from 1 minute to
1 hour and most preferred from 95 to 120° C. for from 1
mimite to 1 hour.

Infra-red heating comprises applying infra-red heat so that
the shells of the beans are rapidly heated. The shells dry,
expand and loosen themselves from the nibs.

Preferably, the infra-red heating is conducted at an inter-
nal bean temperature of from 95 to 135° C. for from 110 5
minutes, advantageously from 95 to 125° C., even better
from 95 to 115° C. and most preferred from about 95-110°
C

Preferably, the infra-red heating step is for a period of
time less than 8 minutes, advantageously less tham 7
minuies, ¢ven better less than 6 minutes and most preferred
less than 5 minutes. Acecrding to a preferred embodiment,
the period of time is less than 4 minutes, advantageously less
than 3 minuies, even better less than 2 mioutes and most
preferably less than @ minute.

According to one embodiment, the treating comprises
drying the cocoa beans to form dred cocoa beans. The
drying may be at ambient temperature or at an elevated
temperature, preferably for 2 time and to an extent sufficient
to develop chocolate flavor while conserving a significant
amount of the cocoa polyphenols content thereof. The
drying typically reduces the moisture of the cocca besn to
less than 7% by weight. Preferably, the drying decreases the
moisture content of the cocoa bean to less than 4% by
weight, advaniageously to less than 3% by weight, even
better to less than 2% by weight and most preferred to less
than 1% by weight. ’

This embodiment of the invention may further comprise
the step of producing chocolate liquor containing an
enhanced content of cocoa polyphenols from the dried cocoa
beans. The chocolate liquor may be produced by conven-
tional grinding methods. Preferably, the chocolate liguor is
cooled during grinding 1o reduce further losses of cocoa
polyphenols.

According to another embodiment, the cocoa beans are
raw freshly harvested cocoa beans containing & cocoa
polyphenols content and the treating comprises:

(i) at least partially fermenting the raw freshly harvested
cocoa beans to form at least partially fermented cocoa
beans; and

(ii) heat-treating the at least partiafly fermented cocoa
beans at an elevated temperature for a time sufficient to
develop chocolate flavor while comserving a significant
amount of the cocoa polyphenols content thereof to
form heat-treated cocoa beans.

Preferably, the cocoa beans are raw freshly harvested
cocoa beans having a fermentation factor less than about
125,

According to another embodiment, the treating com-
prises:

(i) drying cocoa beans containing a cocoa polyphenols

content to form dried cocoa beans; and

(i1} infra-red heating the dried cocoa beans at an elevated
temperature for & time sufficieni to form infra-red
heated cocoa beans while conserving a significant
amount of the cocoa polyphenols content thereof.

According to yetl apother embodiment, the cocoa beans
have shells and the treating comprises:
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(1) infra-red heating the cocoa beans at an elevated tem-
perature for a time sufficient to loosen the shells while
conserving a significant amount of the cocoa polyphe-
nols content thereof W form infra-red heated cocoa
beans; and

{ii) roasting the infra-red healed cocoa beans at an
clevated temperatire for a time sufficient w develop
chocolate flavor while further conserving a significant
smonnt of the cocoa polyphenols content thereof 1o
form roasted cocoa beans.

According to & stifl further embodiment, the treating

COMPrises.

(i) infra-red heating the cocoa beans at an clevated tem-
perature for a time sufficient to reduce their moisture to
less than 5% by weight while conserving & significant
amount of the cocoa polyphenols content thersof to
form infra-red heated cocos beans; and

(ii) roasting the infra-red heated cocoa beaps at an
elevated temperature for a time sufficient to develop
chocolate flavor while further conserving a sigmficant
amount of the cocoa polyphencls content thereof to
form roasted cocea beans.

According to another embodiment of the invention, the

treating comprises:

(i) drying cocoa beans containing a cocoa polyphenols
content to form dried cocoa beans;

(if) infra-red heating the dried cocoa beans at an elevated
temperature for a time sufficient to develop chocolate
flavor while conserving a significant amount of the
cocoa polyphencls content thereof to form infra-red
heated cocoa beans; and

(ii) roasting the infra-red heated cocca beans at an
elevated temperature for a time sufficient to furtber-
develop chocolate Ravor while further conserving a
significant amount of the cocoa polyphenols content
thereof to form roasted cocos beans.

Surprisingly, it has been discovered that the polyphenols
conient of the cocoa bean may be maintained or conserved
by controlling the treatment of the beans, Referring to FIG.
4, a graphical representation illustrates the levels of total
cocoa polyphenols present in the cocoa bean or portion
thereof during conventional chocolate liquor processing
(line A) and processing according to one embodiment of the
invention (line B). As can be seen by the graph, an initial loss
in polypbenols content occurs during fermentation, addi-
tional loss occurs during roasting and further loss occurs
during liquor, nib, cake or powder alkalizing (during the
manufacture of chocolate).

According to the invention, the cocoa polyphenols con-
tent of the cocoa component produced is from 25 to 100%
by weight of the cocoa polyphenols content in the fair
average quality cocoa beans, advantageously from 35 to
100% by weight, more desirable from 45 10 100% by weight,
even better from 55 to 100% by weight and more preferred
from 65 to 100% by weight.

The invention permits the retention of higher levels of the
cocoa polyphenols content not only with respect to the fair
average quality cocoa beans, but also with respect to raw
freshly harvested cocoa beans. Using the method of the
invention, the cocoa pelyphenols content of the cocoa com-
ponent produced is from 5 to 100% by weight of the cocoa
polyphenols content in the raw freshly harvested cocoa
beans, advantageously from 10 1o 75% by weight of the
cocoa polyphenols content in the raw freshly harvested
cocoa beans, preferably from 15 1o 50% by weight, even
better from 26 to 45% by weight and most preferred greater
than 30% by weight.
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According to one embodiment, the cocoa polyphenols
content of the infra-red heated cocoa beans is at feast 55%
by weight of the cocoa polyphenols content of the fair
average quality cocoa beans, preferably at least 65%, advan-
tageousty at least 75%, even better at least 85% and most
preferred: at least 95%.

The:cocoa polyphenol pentamer content of the infra-red
heated ‘cocoa beans may be at least 30% by weight of the
cocoa polypbenol pentamer comtent of the fair average
quality cocoa beans, preferably at least 35%, advantageously
at least 40%, even better at least 45% and most preferred at
least 50%.

When infra-red heating and roasting steps are used in
combination, the cocoa polyphenols content of the roasted
cocoa beans is preferably at least 75% by weight of the
cocoa polyphenols content of the infra-red heated cocoa
beans, advantageously at least 0%, even betier at least 85%
and most preferred at least 90%. Alternatively, the cocos
polyphenol pentamer content of the roasted cocoa beans is
at least 40% by weight of the cocoa polyphenol pentamer
content of the infra-red heated cocoa beans, advantageously
at least 504, even better at keast 60% and most preferred at
least 70%.

One preferred aspect of the invention relates to the
production of chocolate Eigquors containing enhanced levels
of cocoz polyphenols. Therefore, the cocoa components
produced by the ioventive methods preferably include
chocolate liquor,

Accordingly, one embodiment of the invention relates to
a method for the production of chocolale Hquor having an
enhanced content of cocoa polyphenols comprising the steps
of:

(a) treating cocoa beans, containing cocca polyphenols,
while conserving a significant amount of the cocoa
polyphenols content thereof io form treated cocoa
beans; and

(b} producing chocolate liguor containing an enhanced
content of cocoa polyphenols from the treated cocoa
beans.

Preferably, the cocoa polyphenols content in the chocolate
liquor is at least 65% by weight of the cocoa polyphenols
content of the cocos beans, advantageously at least 75%,
even better at least 85% and most preferred greater than
0% .

Preferably, the cocoa polyphenol pentamer content in the
chocolate liquor is at least 45% by weight of the cocoa
polyphenol pentamer content of the cocoa beans, advanta-
geously at lesst 55%, even better at least 60% and most
preferred greater than 75%.

The invention also relates lo the treatment of cocoa
components, particulerty chocolate liquors, to provide a
cocoa component having high levels of cocoa polyphenols
with acceplable aroma/flavor characieristics. The treatrment
includes the removal of undesirable or off flavors present in
a cocoa component. The flavor may also be modified using
additives or the blending of cocoa components having
varying levels of cocoa polyphenols and varying degrees of
aroma/flavor.

The chocolate liguor or cocoa component may be subse-
quently hest-treated to remove any undesirable or off fla-
vors.

The subsequent beat-treating is preferably to a tempera-
ture between 65 and 1406° C. for from 5 minutes to 24 hours,
advantageously between sbout 75 and 130° C. for from 5
minutes to 2 hours, even better between about 85 and 120°
C. for from 5 minutes to T hour and most preferred between
about 95 and 110° C. for from 5 minutes to 30 minutes.
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Preferably, the subsequent heat-treating includes agitation
to factlitate the removal of off-flavors, The heating may be
under a vacuum to assist in the removal of off-Bavors,
preferably wherein the pressure is less than 26 inches (660
mnt) mercury. The chocolate liquor or cocoa component
may also be aerated during the heat-treatment. FIG. 5
Hlustrates the effect of different heat treatrnent temperatures
(75° C,, 95° C, 125° C)) on pentamer level vs. lime of
heating in a chocolate liquor. FIG. § shows that long
treatments at temperatures greater than 100° C. should be
avoided.

Acvording to one embodiment, the liguor or cocoa com-
ponent is subsequently directly heated with steam.

Prefersbly, the cocoa polyphenols content of the choco-
late Liquor is at least 55% by weight of the cocoa polyphe-
nols content of the cocoa beans, advantageously at least
65%, even better at least 75% and most preferred at least
85%.

Preferably, the cocoa polyphenol pentamer content of the
chocolate liquor is at least 45% by weight of the cocoa
polyphenol pentamer content of the cocoa beans, advanta-
geously at least 55%, even better at least 65% and most
preferred at feast 75%.

Another aspect of the invention relates to methods of
making chocolate liquors without the use of an alkalization
step and/or without the use of a conventional roasting step.

One embodiment of the invention relates to methods of
making a non-alkalized chocolate liquor comprising the
steps of:

(a) beating cocoa beans using infra-red radiation; and

(b) producing a chocolate liquor from the heated cocoa

beans,
wherein the chocolate liquor is not subsequently alka-
- lized.

Another embadiment of the invention relates to a method
of making a chocolate liquor comprising the steps oft

(a) heating cocoa beans using infra-red radiation to loosen

their shell; and

(b) producing a chocoltate liquor from the heated cocoa

beans without a subsequent heating step.

According to this embediment of the tovention, the heat-
ing is achieved by the use of an infra-red hester. A suitable
infra-red heater is manufactured by Micronizer company
(U.K.) Lid. The infra-red heating is performed at elevated
temperatures as compared to conventional processing con-
ditions to not only assist in removing the strongly adheting
shells from the cocoa nibs, bui also to lightly roast the raw
beans. The level of thermal processing achieved with the
mfraired heating elimipates the need for a conventional bean
roaster. The infra-red heating puffs and loosens the shells
from the beams to facilitate removal in the winnowing
process, Preferably, the infra-red heating is performed at
elevated lemperatures to give a sufficient roast to the raw
beans and thereby eliminate the need for an additional bean
roaster. The elimination of the conventional bean roasting
step greatly simplifies and reduces the cost of the method or
process.

Preferably, the heating reduces the cocoa bean moisture
content to less than 7% by weight, preferably less than 5%
by weight, advantageously less than 4%, even better less
than 3%, and most preferred less than 2%.

As set forth above, the cocoa polyphenols content of the
cocoa beans decreases dramatically during fermentation.
One aspect of the invention relates to the use of underfer-
mented or unfermented cocoa beans in the production of the
cocoa component. Preferably, the cocoa beans have a fer-
mentation factor less than 375, advantageously less than
350, even better less than 325, and most preferred tess than
300.
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According to yet apother embodiment, highly underfer-
mented cocoa beans are used, Preferably, the cocoa beans
have a fermentation factor less than 275, advantageously
less than 250, even better less than 225, and most preferred
less than 200. Cocoa beans having a fermentation factor less
than 150 or even unfermented beans (i.e., a fermentation
factor of about 100) may also be used.

According 10 another aspect of the invention, the method
comprises the step of at least partially fermenting raw
freshly harvested cocoa beans containing a cocoa polyphe-
nols content to form at least partially fermented cocoa beans
and subscquently treating the at least partially fermented
cocoa beans. Preferably, the at least partielly fermented
cocoa beans have a fermentation factor less than 373, even
better less than 200 and most preferred less than 150,

Another aspect of the invention relates to methods for the
commercial produciion of cocoa polyphenols, for use as an
edible, ingestible or pharmaceutical component, from cocoa
beans comprising the steps of:

(&) processing cocoa beans 10 separate cocos butier from

cocoa solids; and

(b) éxiracting cocoa polyphenols from the cocoa solids,

wherein the processing comprises the steps of pressing,
microwave assisted extraction {see¢ U.S, Pat. No. 5,002,
784 to Pare et al), solvent extraction or combinations
thereof.

Another embodiment of the invention relates to metbods
for the commercial production of cocoa polypherols from
cocoa beans comprising the sequential steps of;

(a) extracting cocoa polyphenols from the cocoa beans;
and

(b) separating & cocoa component from cocoa shell,

According to one preferred embodiment, the cocea beans
are underfermented (o enhance the amount of cocoa
polyphenols. Preferably, the cocoa beans have & fermenta-
tion factor less then 375, even better less than 350 and most
preferred less than 325.

C. Cocoa Components having Enhanced Levels of
Cocoa Polyphenols

1. Chocolate Liquors

Using the above-described methods, chocolate liquors
having enhanced levels of cocoa polyphenols are obtained.

When cheracterizing an inventive product by relating the
amount of cocoa polyphenols per gram ingredient in the
inventive product, that ingredient does not necessarily con-
tain the cocoa polyphenols, but ratber it is the product that
contains the cocoa polyphenols.

One embodiment relates to a chocolate liquor produced

from fair average quality cocoa beans having a fermentation s

factor greater than 375, the chocolate Liquor containing at
least 5500 ug, preferably at least 6000 ug, advantageousty at
least 7000 ug, ever better at least 8000 ug and most
preferred at least 9000 ug cocoa polyphenols per gram
chocolate Equor. Preferably, the chocolate liquor conlains at
least 300 pg cocoa polyphenols pentamer per gram choco-
late liquor, advantageously at least 600 ug, even better at
least 700 pg and most preferred at least 800 ug per gram
chocolate lquor.

Another embodiment relates to a chocolate Liquor pro-
duced from cocoa beans having a fermentation factor less
than 375, the chocolate liquor containing at least 16,500 ug
cocoa polyphenols per gram chocolate liquor, advanta-
geously at least 20,000 ug, even better at least 25 000 ug and
most preferred at least 30,000 ug cocoa polyphenols per
gram chocolate liquor. Preferably, the chocolate liquor con-
tains at least 1,500 ug cocoa polyphenol pentamer per gram
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chocolate liguor, more preferably at least 1,750 ug, advan-
tageously at least 2,000 g, even better at least 2,500 ug and
most preferred at least 3,000 gg per gram chocolate liquor.

Yet another embodiment relales 10 a chocolate liquor
comprising cocoa butter, partially defatled cocoa solids and
cocot polyphenols, wherein the partially defatted cocoa
solids contain at least 33,000 ug cocoa polyphenols per gram
defatted cocoa solids, advantageously al least 40,000 ug,
even better at least 50,000 pg and most preferred at Ieast
60,000 ug cocoa polyphenols per gram defatted cocoa
solids. Preferably, the chocolate liquor contains at least
3,000 ug cocoa polyphenol pentamer per gram defatted
cocoa solids, preferably at least 3,500 ug, advantageously at
least 4,000 pg, even better at least 5,000 ug and most
preferred at least 6,000 ug per gram per gram defatted cocoa
solids. Preferably, the chocolate liquor is derived substan-
tially from underfermented cocoa beans having a fermenta-
tion factor less than 375, advantageously less than 350, even
betler less than 300 and most preferred less than 250,

2. Partially Defatted Cocor Solids Having Enhanced Levels
of Cocoe Polyphenols

One embodiment of the invention relates to partially
defatted cocoa solids having elevated levels of cocoa
polyphenols. Preferably, the cocoa solids contain at least
33,000 pg cocoa polyphenols per gram defatted cocoa
solids, advantageously at least 40,000 ug, even betier at least
50,000 pgg and most preferred at least 60,000 ug cocoa
polyphenols per gram defatted cocoa solids. Preferably, the
cocog solids contain at least 3,000 ug cocoa polyphenol
pentamer per gram defatted cocoa solids, advantageously at
least 3,500 ug, even beter at least 4,000 ug, more preferably
at least 5,000 ug, and most preferred at least 6,000 ug per
gram defatted cocoa solids.

Preferably, the partially defatted cocoa solids are derived
substantially from underfermented cocoa beans having a
fermentation factor less than 375, advantageously less than
350, even better less than 300 and most preferred less than
250,

The partially defatted cocoa solids may be in cake or
powder form.

D. Methods of Making Novel Edible Products
Containing Cocoa Polyphenols

One embodiment of the invention relates to a method of
making an edible product containing a cocoa component
having an enhanced content of cocoa polypbenols compris-
ing the steps of:

(a) treating cocoa beans containing a cocoa polyphenols
conient while conserving a significant amount of the
cocoa polyphenols content thercof to form treated
cocoa beans;

(b} producing the cocoa component from the treated
cocoa beans; and

{c) including the component in the edible product.

The cocoa component may be selected from the group
consisting of cocoa nib, chocolate liquer, partially or fully
defatted cocoa solids, cocoa polypienol extract and mix-
tures thereof.

Anothier embodiment of the invention relates to a method
of making an edible product having an enhanced content of
cocoa polyphenols comprising adding & cocoa polyphencl
additive or a derivadive thereof. The cocoa polyphenol
additive may be mixed with the other ingredients of the
edible composition at any time during the processing or
added to the edible product after processing (i.e., spraying
cocor polyphenols onto the product).
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Preferably, the cocoa polyphenol zdditive is an extract
from cocoa beans or a cocoa component thereof. The cocoa
polyphenol additive may either be substantially pure (e.g.,
greater, than 95% by weight pure) or mixed with other
components.

The cocoa polyphenol additive may either be synthetic or
derived naturally.

E. Methods of Making Chocolates Having
Enhanced Levels of Cocoa Polyphenols

The cocea components having enbanced levels of cocoa
polyphenols may be used to form chocolates by conven-
tional metheds.

One aspect of the invention relates to the manipulation of
the flavor of the final chocolate product. The use of a cocos
component having higher kevels of cocoz polyphenols typi-
cally affects the flavor/aroma of the final product. The higher
cocoa polyphenols content is typically associated with a
bitter, astringent flavor. Various methods may be used o
reduce- the bitter, astringent note in the cocoa component.
According to one embodiment of the invention, fiavor
additives are used to mask or reduce the flavor/aroma of the
product.

This aspect of the mvention relates to the use of at least
two chocolate liquors having varying levels of cocoa
polyphenocls. For example, a first chocolate liquor dertved
froem fermented cocoa beans (having a low cocoa polyphe-
nols level) and a second chocolate liquor derived from
underfermented beans (having a higher cocoa polyphenols
level) are advantageously used. The use of such a blend
allows for the production of a chocolate having strong
flavor/aroma characteristics as well as enhanced levels of
cocoa polyphenols.

One preferred aspect of the invention uses a two step heat
treatment (split hot conching) in the processing of the
chocolate. The first chocolate liquor having the lower levels
of cocoa polyphenols is subjected 1o a heat treatment at
elevated temperatures to develop flavor. Since the first
chocolate liquor has lower levels of cocoa polyphenols, it
may be subjected to the higher temperature. The heat treated
first chocolate Jiquor is subsequently combined with the
second chocolate liquor having the enhanced levels of cocoa
polyphenols and further processed into the final chocolate
product. Using this method, the chocolate liquor containing
the enhanced levels of cocoa polyphenols is not necessarily
exposed 1o the clevated temperatures, thereby preventing a
significant reduction in the polyphenols.

Oue embodiment of the invention relates to a method of
making a chocolate comprising the steps of:

(a) combining chocolate liquor from cocoa beans having

a fermentation factor greater than 375 with at least one
additive selected from the group consisting of:
(i) at least one fat;
(i) at Jeast one sugar;
(i1} milk solids; and
(iv) mixtures thereof;
to form an initial mixture;

(b) heating the initial mixture to a lemperature less than
about 200° C. for 5 minules to 24 bours;

(c) cooling the initial mixture;

(d) combining the initial mixture with a second chocolate
liquor from cocoa beans having a fermentation factor
less than 375 and any remaining ingredients to form &
secondary mixture; and

(¢) conching the secondary mixture.

22
Preferably, the milk solids are in an amount greater than
or equal to 12% by weight.
Accordingly, one embodiment of the invention relates to
a method of making a chocolate composition comprising the
5 steps of:

{2) combining a first chocolate liquor from cocoz beans
having a fermemtation factor greater than 375, cocoa
butter and sugar 1o form an initial mixture;

(b) heating the initial mixture to a temperature less than
about 200° C. for 5 minutes to 24 hours;

(¢) cooling the initial mixture;

(d) combining the nitial mixture with a second chocolate
hquor from cocoa beans having a fermentation factor
less than 375 and any remaining ingredients fo form a
secondary mixture; and

(¢) corching the secondary mixture.

Another embodiment of the invention relates to a method

comprising the steps of:

(a) combining a chocolate liquor high in cocoa pelyphe-
nols (preferably having a fermentation factor less than
375) with at lcast one ingredient and heating to a
temperature preferably less than 140° C., more prefer-
ably less than 100° C. for 2 period of time between 5
minutes to 24 hours;

{(b) cooling the mixture,

(¢} combining the remaining ingredients; and

(d) conching the second mixture.

Another embodiment of the invention relates to a method

comprising the steps of:

(3} heating a chocolate liquor high in cocoa polyphenols,
preferably a fermentation factor less than 375, o a
temperature preferably less than 140° C. for 5 minutes
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k5 1o 24 hours;
(b) combining the heated chocolate liquor with other
chocolate ingredients; and
{c} conching.
© Ancther embodiment of the invention relates to a method

for the production of a chocolate comprising the steps of:

(a} heating a first chocolate liquor from cocoa beans
having a fermentation factor greater than 375 and any
rematning ingredients to a temperature less thap about
200° C. for 5 minutes to 24 hours;

(b) cooling the first chocolate liquor;

(¢) combining the cooled first chocolate liquor with &
secomd chocolate liquor from cocoa beans having a
fermentation factor less than 375 to produce a second-
ary mixture; and

(d) conching the secondary mixiure.

Preferably, the fermentation factor of the second choco-
late liquor is less then 350, advantageously less thap 300,
even better less than 275, and most preferred less than 250.
s According to a preferred embodiment, the fermentation
factor of the second chocolate liquor is less than 223,
advantageously less than 200, even better less than 150, and
most preferred less than 125

F. Methods of Producing Cocoa Butter and
Partially Defatted Cocoa Solids

Yet another aspect of the invention relates to the produc-
tion of cocos butter without necessarily the concomitant
conservation of polyphenols. This aspect of the invention

65 relates to & method for processing cocoa beans to make
cocoa butter and cocoa powder. In particular, the method
comprises the steps of cleaning and preparing the cocoa
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beans, infra-red heating of the cocoa beaps, shell removal,
screw pressing of nibs o extract the cocoa butter from the
cocoa solids, milling the natural cocoa cake and/or alkaliz-
ing the patural cocoa cake and milling the alkalized cake.
The method delivers both patural cocoa butter and powders
(natural and/or value added alkalized powders) from the
screw pressed mibs. The invention provides a method for
processing cocoa beans to produce cocoa butter and cocoa
powder that requires lower total assets since bean roasting
and liguor milling are not required and a significantly less
complex process with respect to maintenance, enérgy and
labeor.

One embodiment of the invention relates to a method of
producing cocoa solids and cocoa butter comprising the
steps of:

(a) heating cocoa beans having an outer cocoa shell and
inper cocoa nib using infra-red radiation to an internal
temperature greater than 115° C.;

(b) separating the shell from the aib; and

(c) subsequently extracting the cocoa butter by screw
pressing the nibs.

One preferred embodiment comprises the steps of (a) air
fluidized bed densily separation to clean the cocoa beans, (b)
infra-red heating of the cleaned cocoa beans at elevated
temperatures exceeding 115° C., (¢} shell removal, (d) screw
pressing of the mibs to produce cocoa butter and cocoa cake,
{e) aikalizing the cocoa cake, and (f) air-classified hammer
milling of the natural and/or alkalized cocoa cake to produce
cocoa powder,

A stilt further embodiment of the invention relates o a
method of producing cocoa butter and cocoa cake solids
comprising the sleps of:

{2) cleaning a mixture comprising cocoa beans to scparate

cocoa beans from non-cocos solids;

(1) heating cocoa beans having an outer cocoa shell and
an inner cocoa nib using infra-red radiation to an
internal temperature greater than 125° C;

{c) removing the outer cocoa shell from the nib;

{(d) screw pressing the nibs to extract the cocoa butter
leaving cocoa cake solids; and

{¢) cooling the cocoa butter to room temperature.

Preferably, the heating is to an IBT (internal bean
temperature} geeater than 120° C., advantageously greater
than 125° C., even better greater than 130° C. and most
preferred greater than 135° C, The beating preferably results
in cocoa beans having a moisture content of about 3 percent
by weight.

Another preferred embodiment of the invention relates to
the use of infra~-red heating of the cocoa beans at tempera-
res up to or exceeding 125° C, to result in a light roast and
loosening of the shell and subsequently using a screw press
10 extract cocos butter from the lightly roasted bean.

According to one embodiment, the surface temperature of
the bean is heated from about 160 to about 170° C., while the
internal temperature of the bean is preferably heated to about
130 to about 140° C. The resultant nibs should have a
reduced moisture content of about 3% prior to pressing. The
time of exposure to the infra-red heating is preferably about
0.5 10 4 minutes, however this may be varied depending on
the amount of moisture in the nib. The bean height through
the infra-red Beater should be about two beans high.

According to another preferred embodiment of the
invention, the infra-red heated beans are cooled o ambient
termiperature afler the infra-red heating step. This is to avoid
continned loss of moisture resulting from the infra-red
heating prior to the screw pressing step. The nibs subjected
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to the screw press preferably have a moisture content of
about 3% wilh a normal operating moisture range of
between 2-6%.

The cocoa beans may be cooled to room emperature after
the heating and subsequently pre-heated to a temperature
between about 80° C, and about 90° C. prior to the step of
screw pressing,

According lo one preferred embodiment, prior to the step
of heating, the beans are cleaned using a fuidized-bed
separator. Preferably, the cocoa beans are subjected to a
pre-cleaning siep prior to cleaning in the air fluidized bed
densily separator.

Preferably, the step of separating includes a winnowing
step to scparate the shell from cocoa nibs prior to the
pressing step.

Preferably, the screw pressing forms cocoa butler and
cocoa cike solids, According to one emnbodiment, the cocoa
cake solids are subsequently treated by alkalizing to form
alkalized cocoa cake solids. The alkalized cocoa cake solids
may be subsequently milled o produce fine cocea powders.

Yet another embodiment of the invention relates to a
method of winnowing cocoa beans comprising separating
shells from an inner bean portion of the cocoa beans nsing
an air fiuidized-bed density separator. Preferably, the air
flnidized-bed density separator comprises a means for
homogenizing material introduced therein and at feast one
vibratory screen, advaatageousty the air fluidized-bed den-
sity separator comprises three vibratory screens.
Surprsingly, greater than 99.5% of the shells are removed
by the inventive method, preferably wherein less than 1.1%
of the inner bean portion by weight are removed with the
shell.

G. Novel Edible Products Containing Cocos
Polyphenols

Using the methods described sbove, novel edible com-

positions containing cocoa polyphenols, particularly
enhanced levels of cocoa polyphenols, are made. The novel
compositions are distinguishable from conventional compo-
sitions either because (1) the inventive compositions contain
elevated levels of cocon polyphenols relative to comparative
conventional product (ie., chocolates, chocolate-flavored
confections, ete) and/or (2) the inventive compositions
contain cocos polyphenols in contrast to the comparative
composition which does not contzin cocoa polyphenols (i.e.,
rice cakes, edible compositions without chocolate flavor/
aromma, elc.).
1. Standard of Identity Chocolate one embodiment of the
invention relates to a standard of identity chocolate com-
pristng at least 3,600 ug cocoa polyphenol per gram
chocolate, preferably at least 4,000 g, advantageously at
least 4,500 ug, even better at least 5,000 g, and most
preferred at least 5,500 ug cocosz polyphenols per gram
chocolate. According 1o one preferred embodiment, the
standerd of identity chocolate contains least 6,000 ug cocoa
polyphenols per gram chocolate, advantageously at least
6,500 g, even better at least 7,000 pg, and most preferred
at least 8,000 ug cocoa polyphenols per gram chocolate,

Another embodiment of the invention relates to a standard
of identity chocolate comprising at least 200 ug cocoa
polyphenol pentamer per gram chocolate, advaniageously at
least 225 pg, even better at least 275 ug, and most preferred
at least 300 pg cocoa polyphenol pentamer per gram choco-
late. According to one preferred embodiment, the standard
of identity chocolate contains at least 325 g cocoa polyphe-
nol pentamer per gram chocolate, advantageously at least
350 ug, even better at least 400 ug, and most preferred at
least 450 ug cocoa polyphenol pentamer per gram chocolate,
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2. Standard of Ideatity Chocolate Containing Mitk Solids

Yet another embodiment of the invention relates 0 a
standard of identity chocolate containing nuilk sclids and
comprising at feast 1,000 ug cocoa polyphenols per gram
chocolate, advantageously at least 1,250 ug, even better at
least 1,500 ug, and most preferred at least 2,000 pg cocoa
polyphenals per gram chocolate. According to one preferred
embodiment, the standard of identity chocolate contains at
least 2,500 ug cocoa polyphenols per gram chocolate,
advanlageously at least 3,000 gg, even betler at least 4,000
g, and most preferred at least 5,000 ug cocoa polyphenols
per gram chocolate.

Another ebodiment of the invention relates to a standard
of identity chocolate containing milk solids and comprising
at least 85 ug cocoa polyphenol pentamer per gram
chocolate, advantageously at least 30 ug, even better at least
100 pg, and most preferred at least 125 ug cocoa polyphenol
pentamer per gram chocolaie. According to one préferred
embodiment, the standard of identity chocolate contains at
least 150 ug cocoa polypbenol pentamer per gram chocolate,
advantageously at least 175 ug, even better at least 200 ug,
and most preferred at leasi 250 ug cocoa polyphenol pen-
tamer per gram chocolate. )

Preferably the standard of identity milk chocolate con-
tains milk solids in an amount greater than or equal to 12%
by weight.

3. Chocolates Compnsing a Cocoa Component

Apother embodiment of the invention relstes 1o choco-
lates comprising a cocoa component, wherein the chocolate
contains at least 3,600 ug, preferably at least 4,000 ug cocoa
polyphenols per gram chocolate, advantageously at least
4,500 ug, even better at least 5,000 ug, and most preferred
at least 5,500 ug cocoa polyphenols per gram chocolate.
According 1o one preferred embodiment, the chooolate con-
tains least 6,000 ug cocoa polyphenols per gram chocolate,
advantageously at least 6,500 ug, even better at least 7,000
42, and most preferred at least 8,000 g cocoa polyphenols
per gram chocolate.

Another embodiment of the invention relates to a choco-
late comprising at least 200 ug cocos polyphenol pentamer
per gram chocolate, advantageously at least 225 ug, even
better at least 275 g, and most preferred at least 300 ug
cocon polyphenol pertamer per gram chocolate. According
to one preferred embodiment, the chocolate contains at least
325 pg cocoa polyphenol penlamer per gram chocolate,
advantageously at least 350 ug, even beuter at least 400 ug,
and most preferred at least 450 ug cocoa pelyphenol pes-
tamer per gram chocolate.

4, Chocolates Comprising Milk Solids

Yet apother embodiment of the invention relates to a
chocolate conlaining milk solids (e.g., & milk chocolate) and
coroprising at least 1,000 ug cocoa polyphenols per gram
chocolate, advantageously at least 1,250 ug, even better at
least 1,500 ug, and most preferred at least 2,000 gz cocos
polyphenols per gram chocolate. According to one preferred
embodiment, the chocolate contains at least 2,500 ug cocoa
polyphenols per gram chocolate, advantageously at least
3,000 g, even better at least 4,000 ug, and most preferred
at least 5,000 pg cocoa polyphenols per gram chocolate.

Another embodiment of the invention relates to a choco-
late containing milk solids and comprising at least 85 pg
cocoa polypbeno! pentamer per gram chocolate, advanta-
geously at least 90 ug, even better at least 100 ug, and most
preferred at least 125 pp cocos polyphenol pentamer per
gram chocolate. According to one preferred embodiment,
the chocelate contains at least 150 ug cocoa polyphenol
pentamer per gram chocolate, advantageously at feast 175
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ug, even better at least 200 g, and most preferred at least
250 ug cocoa polyphepol pentamer per gram chocolate.

Preferably, the chocolate contains milk solids in an
amount greater than or equal to 12% by weight.
5. Chocolates Comprnsing a Cocoa Compopent

Yet apother embodiment of the invemtion relates to a
chocolate compnising a fat phase and a cocoa component
containing a cocoa polyphenols content from fair average
quality cocoa beans, wherein the cocoa component contains
at least 25% of the cocoa polyphenols content of the fair
average quality cocoa beaus, preferably at Teast 35%, advan-
tageously at least 50%, even better at least 60% and most
preferred at least 75% by weight.

A still further embodiment of the invention relales o a
chocolate comprising a fat phase and a cocoa comporent
containing a cocoa polyphenols pentamer content from fair
average quality cocoa beans, wherein the cocor component
contains at least 15% of the cocoa polyphenols content of the
fair average quality cocoa beans, preferably at least 20%,
advantageously at least 25%, even better at least 35% and
most preferred at least 50% by weight.

Yet another embodiment of the invention relates to a
chocolale comprising a cocoa component and at least one
fat, and further containing at least 7,300 ug cocoa polyphe-
nols per gram cocoa component, preferably at least 8,000 ug,
advantageously at least 9,000 ug, even betler at least 10,000
g, and most preferred at least 12,000 g cocoa polyphenols
Per gram ¢ocoa component.

Another embodiment of the invention relates to a choco-
late comprising a cocoa component and at least one fat, and
further containing at least 360 ug cocoa polypheno! pen-
tamer per gram cocoa component, preferably at least 480 g,
advantageously at least 600 ug, even better at least 720 g,
and most preferred al least 800 pg cocoa polyphenol pen-
tamer per gram cocoz component.

6. Chocolates Comprising Cocoa Solids

Another embodiment of the invention relates to a choco-
late comprising partially defatied cocoa solids and at least
one fat, and further containing at least 23,100 g cocoa
polyphenols per gram defatted cocoa solids, preferably at
least 24,000 g, advantageously at least 26,000 ug, even
better at least 28,000 ug, and most preferred at least 30,000
ug cocor polyphenols per gram defatted cocoa solids.

Ancther embodiment of the invention relates to a choco-
late comprising partialty defatied cocoa solids and ai least
one fat, and further containing at least 1,000 ug cocoa
polyphenol pentamer per gram defatted cocoa solids, pref-
erably at feast 1,200 ug, advantageously at least 1,400 ug,
even better at least 1,600 @, and most preferred at least
1,800 pg cocoa polyphenol pentemer per gram defatted
cocoa solids.

Another embodiment of the invention relates to a choco-
late comprising partially defatted cocoa solids and at least
one fat, and funtber containing at least 10,500 ug cocoa
polyphenols per gram fat, advantageously at feast 15,000 ug,
even better at least 17,500 ug, and most preferred at least
20,000 ug cocoa palyphenols per gram fat.

Another embodiment of the invention relates to a choco-
late comprising partially defatied cocoa solids and at least
one fat, and further containing at least 520 ug cocoa
pelyphenol pentamer per gram fat, advantageously at least
750 pa, even better at least 900 pg, and most preferred at
least 1,200 ug cocoa polyphenal pentamer per gram fat.

A still further embodiment of the iovention relates to a
chocolate comprising cocoa solids and at least one fat, and
further containing at least 630 ug cocoa polyphenols per
calorie, advantageously al least 750 pg, even beiter at least
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900 42, and most preferred at Ieast 1,000 ug cocoa polyphe-
nols per calorie.

Another embodiment of the invention relates to a choco-
late comprising partially defatted cocoa solids and at least
one fat, and further containing at feast 32 ug cocoa polyphe-
nol pentamer per caloce, preferably at least 50 ug, advan-
tageously at least 60 ug, even better at least 72 ug, and most
preferred at easi 100 gg cocoa polyphenol pentamer per
calorie.

A still further embodiment of the inveation relates to &
chocolate comprising partially defatted cocoa solids and at
least one fat, and further containing at least 1,200,000 ug
cocoa polyphenols per gram emulsifier, advantageously at
least 1,500,000 ug, even better at least 1,800,000 ug, and
most preferred at least 2,200,000 ug cocoa polyphenols per
gram emulsifier.

Another embodiment of the invention relates to a choco-
late comprising partizlly defatted cocoa solids and at least
one fat, and further containing at least 58,000 ug cocoa
polyphenal pentamer per gram emulsifier, advantageously at
least 78,000 pg, even better at least 100,000 ug, and most
preferred at least 120,000 ug cocoa polyphencl pentamer pet
gram omulsifier.

7. Chocolates Comprising Chocolate Liquor

A still further embodiment of the invention relates to a
chocolate comprising chocolate Liquor and at least ope fal,
and further containing at least 10,200 ug cocoa polyphenols
per gram chocolate Liquor, preferably at least 12,000 ug,
advantageously at least 14,000 ug, even better at least
16,000 pg, and most preferred at least 18,000 pg cocoa
polyphenols per gram chocolate liquor.

Another embodiment of the invention relates 1o a choco-
late comprising chocolate liquor and at least one fat, and
further containing at least 500 gg cocoa pelyphenol pen-
tamer per gram chocolate liquor, preferably at least 525 ug,
advantageously at least 550 ug, even better at least 575 ug,
andl most preferred at least 600 ug cocoa polyphenol pen-
tamer per gram chocolate Liquor.

8. Additional Chocolates

A still further embodiment of the invention relates to a
chocolate comprising at least ope milk component and at
least one fat, and further contaming at least 8,400 ug cocoa
polyphemols per gram milk component, advantageously at
least 9,000 g, even betier at least 10,000 ug, and most
preferred at least 12,000 ug cocoa polyphenols per gram
milk component.

Another embodiment of the invention relates ta a choco-
late comprising at least ope milk component and at least one
fat, and further containing al least 465 g cocoa polyphenol
pentamer per gram mitk component, preferably at least
1,000 pg, advantageously at least 2,000 g, cven better af
least 3,000 ug, and most preferred at least 3,500 ug cocoa
polyphiencl pentamer per gram milk compoent.

A still further embodiment of the invention relates to a
chocolate comprising at least one sugar and af least one faf,
and farther containing at least 7,100 ug cocoa polyphenols
per gram sugar, preferably at least 10,000 ug, advanta-
geously at least 13,000 ug, even better at least 16,000 pg,
and most preferred at least 18,000 ug cocoz polyphenols per
gram sugar.

Another embodiment of the invention relates to a choco-
late comprising al least one sugar and at least one fat, and
further comtaining at least 350 ug cocos polypbenol pen-
tamer per gram sugar, preferably at least 550 ug, advanta-
geously at least 850 ug, even better at least 1,100 ug, and
most preferred at feast 1,350 pg cocoa polyphenol pentamer

Per gram sugar.
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9. Chocolate-Flavored Confections

A still further aspect of the invention relates to chocolate-
favored confections (e.g., a chocolate-flavored hard candy)
comprising a cocoa componest, wherein the chocolate-
favored confection contains an effective amount of cocoa
polyphenols per gram chocolate-flavored confection to pro-
vide & health beoefit. Preferably, the chooolate-flavored
copfection (excluding chocolate} comprises at least 1 ug
cocoa polyphenols per gram chocolate-flavored confection,
advantageously at least 2 pg, even better at least 5 g, and
most preferred at least 10 pg cocoa polyphenols per gram
chocolate-flavored confection. According to one preferred
embodiment, the chocolate-flavored confection comprises at
least 25 ug cocoa polyphenols per gram chocolate-favored
confection, advantageously at least 50 g, even better at
least 100 ug, and most preferred at least 150 ug cocoa
polyphenols per gram chocolate-flavored confection.

The cocoa component may be selected from the group
consisting of: (a) chocolate liquor; (b) partially defatted or
fully defatted cocoa solids; (¢) cocoa nib or fractions
thereof; (d) cocoa polyphenol extract; and (e) mixtures
thereotf,

Another embodiment of the invention relates to
chocolate-flavered confecticns comprising a cocoa
component, wherein the chocolate-flavored confection con-
tains an effective amount of cocoa polyphenol pentamer per
gram chocolate-flavored confection to provide a health
benefit. Preferably, the chocolate-flavored confection
(excluding chocolate} comprises at least 1 ug cocoa
polyphenol pentamer per gram chocolate-flavored
confection, advantageously at least 2 ug, even better at least
5 pg, and most preferred at least 10 ug cocoa polyphenol
pentamer per gram chocolate-flavored confection. Accord-
ing to one prefemred embodiment, the chocolate-flavored
confection comprises at least 25 pg cocoa polyphenol pen-
tamer per gram chocolate-flavored confection, advanta-
geousty at least 50 ug, even better at least 100 xg, and most
preferred at least 150 ug cocos polyphenol pentamer per
gram chocolate-flavored confection.

A still further aspect of the invention relates to chocolate-
flavored confections (excluding chocolate) comprising a
cocoa component, wherein the chocolate-flavored confec-
tion contains an effective amount of cocos polyphenols per
grani cocos component to provide a health benefit.
Preferably, the chocolate-Aavored confection comprises at
feast } ug cocoa polyphenols per gram cocoa component,
advantageously at least 2 up, even better ai least 5 ug, and
most preferred at least 10 pg cocoa polyphenols per gram
chocolate-flavored confection. According to one preferred
embodiment, the chocolate-flavored confection comprises at
Ieast 25 ug cocoa polyphenols per gram cocoa component,
advantageously at least 50 ug, even better at least 100 ug,
and most preferred at least 150 ug cocea polyphenols per
gram cocoa component.

Another embodiment of the invention relates to
chocolate-flavored confections (excluding chocolate) com-
prising a cocoa component, wherein the chocolate-flavored
confection contains an effective amount of cocox polyphenol
peOtamer per gram cocoa component to provide a bealth
benefit. Preferably, the chocolate-flavored confection com-
prises at least 1 pg cocoa polypbenol pentamer per gram
chocolate-flavored confection, advantageously at least 2 ug,
even betier at least 5 ug, and most preferred at least 10 ug
cocoa polyphenol pentamer per gram cocoa component,
According to one preferred embodiment, the chocolate-
flavored confection comprises at least 25 yg cocoa polyphe-
rol pentamer per gram cocoa component, advantageocusly at
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least 50 ug, even better at least 100 ug, and most preferred
at least 150 ug cocoa polyphenol pentamer per gram cocoa
component.

18. Chocolate-Flavored Compositions

A stil]l further aspect of the invention relates 1o a
chocolate-flavored composition {excluding chocolate, e.g, a
chocolate-flavored ice cream, eic.) comprising & cocoa
component, wherein the chocolale-Aavored composition
contains an effective amount of cocoa polyphenols per gram
chocolate-flavored composition to provide & health benefit.
Preferdbly, the chocolate-flavored composition comprises at
least 1 pg cocoa polyphenols per gram chocolate-fiavored
compositicn, advantageously at feast 2 ug, even better at
least 5 ug, and most preferred at least 10 pg cocoa polyphe-
nols per gram chocolate-flavored composition. According to
one preferred embodiment, the chocolale-flavored compo-
sition comprises at least 25 ug cocoa polyphenols per gram
chocolate-flavored composition, advantageously at least 50
Hg, even better at least 100 ug, and most preferred at least
150 ug cocoa polyphenols per gram chocolate-flavered
composition.

Another embodiment of the invention relates to a
chocolate-flavored composition comprising a cocoa
component, wherein the chocolate-flavored composition
contaios an ¢ffective amount of cocoa polyphenol pentamer
per gram chocolate-flavored composition to provide a health
benefit. Preferably, the chocolate-flavered composition com-
prises at least 1 yg cocoa polypherol pentamer per gram
chocolate-Bavored composition, advantageously at least 2
g, even better at least 5 ug, and most preferred at least 10
g cocoa palyphenol pentamer per gram chocolate-flavored
composition. According to one preferred embodiment, the
chocolate-fiavored composition comprises at least 25 ug
cocox polypbenol pentamer per gram chocolate-flavored
composition, advantlageously at least 50 g, even better at
least 100 pg, and most preferred at least 150 ug cocoa
polyphenol pentamer per gram chocolate-flavored compo-
sition.

A still further aspect of the invention relates to a
chocolate-flavored composition comprising a cocoa
component, wherein the chocolate-flavored composition
contains an effective amount of cocoa polyphenols per gram
cocoa component to provide a health benefit. Preferably, the
chocolate-flavored composition comprises at least 1 ug
cocoa polyphenols per gram cocoa component, advants-
geousty at least 2 ug, even better at least 5 g, and most
preferred at least 10 ug cocoa polyphenols per gram
chocolate-flavored composition. According to one preferred
embodiment, the chocolate-flavored composition comprises
at least 25 ug cocoaz polyphenols per gram cocoa component,
advantageously at least 50 yg, even better at least 100 ug,
and most preferred at keast 150 ug cocoa polyphenols per
gram cocoa component.

Another embodiment of the invention relates to a
chocolate-flavored composition comprising a cocoa
component, wherein the chocolate-flavered composition
conlains an effective amount of cocoa polypheno] peatamer
per gram cocoa component to provide a health benefit.
Preferably, the chocolate-flavored composition comprises at
least 1 pg cocoa polyphenol pentamer per gram chocolate-
flavored composition, advantageously at lesst 2 ug, even
better at least 5 ug, and most preferred at least 1€ ug cocos
polyphenol pentamer per gram cocos component. According
to one preferred embodiment, the chocolate-flavored com-
position comprises at least 25 yg cocoa polyphenot pentamer
per gram cocoa component, advantageously at least 50 ug,
even better at least 100 ug, and most preferred at least 150
g cocos polyphenol pentamer per gram cocoa component.
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11. Additicnal Products

Another aspect of the invention relates to an edible or
ingestible or chewable product containing a cocoa polyphe-
nols “additive or a derivative thereof. According to one
embodiment, the cocoa polyphenol additive is an extract
from cocoa beans or a cocos component thereof or the cocoa
polyphenol additive is a synthetic compound struciurally
sirnilar or identical to the cocoa polyphenols. Preferably, the
preduct comprises at beast 1 pg cocoa polyphenols per gram
product, advantageousty at least 2 g, even better at least 5
4, and most preferred at least 10 ug cocoa polyphenols per
gram product. According to one preferred embodiment, the
product compriscs at least 25 pg cocoa polyphenols per
gram product, advantageously at least 50 ug, even better at
least 100 pg, and most preferred at least' 150 ug cocoa
polyphenols per gram product,

According to another embodiment, the product comprises
at least 1 ug cocoa polyphenol pentamer per gram product,
advantageously at least 2 ug, even betfer at least 5 ug, and
most preferred at least 10 4ig cocoa polyphenol pentamer per
gram preduct. According to one preferted embodiment, the
product comprises at least 25 ug cocoa polyphenol pentamer
per gram cocoa component, advantageously at least 50 ug,
even better at least 100 ug, and most preferred at least 150
4 cocoz polyphenol pentamer per gram product.

Accordingly, one embodiment of the invention relates to
an ingestible product containing the cocoa polyphenocls
additive or a derivative thereof and a second ingestible
component.

Another embodiment of the invention relates 1o a chew-
able composition (e.g., chewing gum) comprising a cocoa
polyphenol additive or a derivative thereof,

Another embodiment of the invention relates to an edible
composition comprising a cocoa component coptaining a
cocoa polyphenols content from fair average quality cocoa
beans, wherein the cocoa component contains at least 25%
of the cocoa polyphenols content of the fair average quality
cocoa beans, advantageously at least 35%, even better af
least 50% and most preferred at least 65% by weight,

A still further object of the invention relates to an edible
composition COMPriSiNg a COCoa COomponent containing a
cocoa polyphenols content from raw freshly harvested cocoa
beans, wherein the cocoa compenent contains at least 5% of
the cocoa polyphenols content of the raw freshly harvested
cocoa beans, preferably at least 10%, advantageously at least
15%, even better at least 20% and most preferred at least
25% by weight.

Yet another embodiment of the invention relates 10 an
edible product comprising an edible composition and at least
1 g cocoa polyphenols, wherein the edible product is
substantially free of chocolste flavor and chocolate aroma
(ie., a Ace cake coated with cocoa polyphenol extract).
Preferably, the product comprises at least 2 ug cocoa
polyphenols per gram product, advantazgeously at least 5 ug,
even better al least 10 ug, and most preferred at least 20 pg
cocoa polyphenols per gram product. According o one
preferred embodiment, the product comprises af least 50 yg
cocoa polyphenols per gram cocoa component, advanta-
geously at least 100 g, cven better at least 150 g, and most
preferred at least 200 ug cocos polyphenols per gram
product.

According to another embodiment, the product free of
chocolate aroma/flavor comprises al least 2 ug cocos
polyphenol pentamer per gram product, advantageously at
least § ug, even better at least 10 yg, and most preferred at
least 20 ug cocoa polyphenol pentamer per gram product.
According 1o one preferred embodiment, the product com-
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prises at least 50 ug cocoa polyphenol pentamer per gram
cocoa component, advanlageously at least 100 ug, even
better at least 150 ug, and most preferred. at least 200 ug
cocoa polyphenol pentamer per gram product

A still further object of the invention relates to an edible
composition comprising a nonalkalized chocolate liquor
substantially derived from cocoa beans baving a fermenta-
tion factor less than 375, preferably, advantageously less
than 350, even betier less than 325, and most preferred less
than 300. According to a preferred embodiment, the fermen-
tation factor is less than 275, preferably less than 250,
advantageously less than 225, even betier less than 200, and
most prefeired less than 175, According to a particularly
preferred embodiment, the fermeniation factor is less than
150, advantageously less than 125, and most preferred abowt
100.

H . Methods of Using

Using the cocoa componeats and the products containing
cocoa polyphenols described above, novel methods of
improviog the health of a mammal, particularly 2 human,
may be practiced. The products of the irvention can be used
in any of the vses discussed in copending U.S. application
Ser. No. 08/831,245, filed Apr. 2, 1997,

Another embodiment of the invention relates to & method
of imptoving lhe health of a mammal by administering an
effective amount of cocoa polyphenois to the mammal each
day for an effective period of time. Advantageously, the
effective period of dme is greater than sixty days. In one
aspect, the mammal's health is improved by ingesting an
edible composition containing cocoa polyphenols each day
for a period of time greater than sixty days. Preferably, the
edible composition contains al least 1 ug of cocoa
polyphenols, advantageously at least 5 pg, even better at
least 10 ug, more preferred at least 25 pg, and most preferred
at least 50 gg. In another aspect, the mammal’s health is
improved by ingesting a chocolate containing cocoa
polyphenols each day for a period of time greater than sixty
days. Preferably, the chocolate conlains at least 1 ug
of-cocoa polyphenols, advantageously at least 5 pg, even
better at least 10 ug, more preferred at least 25 ug, and most
preferred at least 50 ug.

One embodiment of the invention relates to a method of
improving ihe heafth of a mamrnal by administering an
effeciive amount of cocoa polyphenol pentamer to the
mammal each day for an effective period of time.
Advantageously, the effective period of time is greater than
sixty days. In one aspect, the mammal’s health is improved
by ingesting & non-chocolate edible composition containing
cocoa polypheno! pentamer each day for a period of time
grealer than sixty days. Preferably, the edible composition
contains at least 1 ug of cocoa palyphenol pentamer, advan-
tageously at least 5 Ag, even better at least 10 yxg, more
preferred at least 25 ug, and most preferred at least 30 ug. In
another aspect, the mammal’s health is improved by ingest-
ing a chocolate containing cocoa polyphenol pentamer each
day for a period of time greater than sixty days. Preferably,
the chocolate contains at least 1 pg of cocoz polyphenol
pentamer, advantageously at least 5 ug, even betier at least
10 ug, more preferred al least 25 pg, and most preferred at
least 50 ug.

The cocoa polyphenols or cocoa polyphenol pentamer has
an activity selected from the group coasisting of reducing
periodonial disesse, antigingivitis, antiperiodontis, reducing
atherosclerosis, LDI. oxidation inhibitor, reducing
hyperiension, entincoplastic, antioxidant, DNA topoi-
somerase Il enzyme inhibitor, cyclo-cxygenase modulator,
lipoxygenase modulator, NO or NO-synthase modulator,
non-steroidal anti-inflammatory, apoptosis modulator, plate-
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let aggregation modulator, blood or in vive glucose
modulator, antimicrobial and inhibitor of oxidative DNA
damage activity. ’

In yet another embodiment of the invention, a physiologi-
cal response is elicited in a mammal by administering an
effective amount of cocoa polyphenols or cocoa polyphenol
pentamer fo the mammal.

The elicited response is sustained for a period of time, or
the elicited response provides a bepefit to the mammat in
need thereof, advantageously to modulate the effects of an
internal or external stress factor.

The ekliciled responses include lowering the oxidative
siress index (such as increasing in vivo oxidative defense
indices or decreasing in vivo oxidative stress), anti-viral
response, anti-bacterial response, lowering cytokine level,
increasing T-cell production level, lowerng hyperiension
and dilating blood vessels, and the stress factors include
oxidative stress, viral stress, bacterial siress, elevated level
of cytokine, diminished level of T-cell production, hyper-
tension and constricted blood vessels.

The compounds of the invention or compositions con-
taining the compounds of the invention have utility for
reducing periodontal disease, antigingivitis, antiperiodontis,
reducing atherosclerosis, IDL oxidation inhibitor, reducing
hypertension, anti-cancer, anti-tumor or antineoplastic,
antioxidant, DNA topoisomerase Il enzyme inhibitor, inhibit
oxidative damage to DNA, antimicrobial, cyclooxygenase
and/or lipoxygenase modulator, NO or NO-synthase
modulator, apoptosis, platelet aggregation and blood or in
vivo glucose modulating and nohsteroidal anti-inflammatory
activities,

In addition to the physiological activities elicited by the
compounds of the invention or compositions containing the
compounds, other compounds present in cocos of compo-
sitions containing other compounds from noncocoa, natural
sources can be combined to produce a synergistic effect to
the naturaily occurring cocoa polyphenols, in particular
cocoa procyanidins.

One embodiment of a synergistic effect on NO end/or NO
synthase modulation, for example, follows. Many foods
conlzin appreciable amounts of L-arginine, but not peces-
sarily the compounds of the invention. Given that L-arginine
is a subsirate [or NO synthase, and NO dependent vasodi-
fation is significantly improved in hypercholesterolemic
animals receiving I-arginine supplementation (Cooke et al.,
Circulation 83, 1057-1062, 1991), snd the compounds of
the invention can modulate NO levels, a synergistic
improvement in endothelium dependent vasodilation is
expected. [-arginine levels of 1.0 to 1.1 g/100 g have been
reported in unsweetened cocoa powder. From this basis,
other natural products rich in E-arginine, such as peanuts,
would be incorporated into recipes for maximal benefit
related to NO and NO synthase modulation.

Anather embodiment relales to the use of a nopcocoa
source containing procyanidins, Cinnzmon, for example, has
been analytically examined for procyanidins and related
compounds {Maritomo et al,, Chem. Pharm. Bull. 33:10,
4338-4345, 1985; Moritomo et al,, Chem. Phamm. Bull
33:10, 2281-2286, 1985; Montomo et al., Chem. Pharm.
Bull. 34:2, 633642, 1986, apd Moritomo et al,, Chem.
Pharm. Bull. 34:2, 643649, 1986), some of which are
structurally related to the cocoa procyanidins. Moreover,
cinpamon has been reported (Coe, S. D. and Coe, M. D., The
True History of Chocolate, Thames and Hudson Lid.,
Lomrdon, 1996) 10 be a part of chocolate drink recipes since
1692. Thus, the inclusion of cinsamon (cobptaining
procyanidins) to cocoa (containing procyanidins) to prepare
any cocoa snack, SOI or non SOI chocolate, beverage or
edible food siuff would be expected to elicit & synergistic
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physiological effect. Simmilarly, the addition of various citrus
essential oils, would be expected to produce a synergistic
effect with the indigecous cocoa procyanidios. Naturally
expressed citrus essential oils contain numerous biofla-
vonoids and complex terpenoids, some of which have physi-
ological propertics such as geraniol (Burke et al, Lipids
32:2, 151-156, 1997). H is poteworthy that distilled citrus

34

changes and modification can be made with respect to the
invention. i

That is, the skilled artisan will recognize many variations
m these examples 1o cover a wide range of formulas,
ingredients, processing, and mixtures to rationally adjust the
naturalty occuming levels of the compounds of the invention
for a vartety of chocoelate applications.

TABLE 1A

COCOA Polyphenols CONTENT OF FINISHED PRODUCTS TN EXAMPLES

{microgpams/gram)

THEOQRETICAL.  ACTUAL,  THEORFTICAL ACTUAL

SAMPLE PENTAMER  PENTAMER POLYPHENOL  POLYPHENOL
Chocolate Cookie Control 181 37 2,482 1,978
Cocdcie 50:50 278 » 15873 2,698
Coolie 100% 375 46 5464 3,841
Cocoa Poiyphenols

Choco Power Bar NA trace NA 100
Y02 control NA trace NA 209
Vo2 175 » 1,548 1,710
eocon polypheret

Cacoa Puffs NA trace NA 27
Lerenl 286 23 4,157 3,453
Fruit Bar 408 105 5153 5,851
Fruit Bar Fitling 1,488 345 18,758 12,771
Jeliochoco pudding NA Lrace . NA trace
Pudding (stove) 352 bt 18,758 1,559
Fudding (microweve) 352 87 18,758 1,406
Pudding (skim) 352 42 18,758 1,215
Mole control 15 trace 44 7
Mole 50:50 14.4 trace. 188 155
Mok 100% 274 trace 32 213
cocoa polyphenal .

Quaker Choc puff rice NA. trace NA trace
Sprayed tice cake 2515 . - 3,655 4,842
Brownie (control) 99 12 295 645
Brownie (50:50) 96.9 w 3252 2,099
Brownie (100% 1839 97 2,225 2,981
cocon polypheac])

Chocolata-Flavered 24 18 342 776
Nougat

Cinnamoen Carnmel 43 27 621 1,037

NA: Not Available

oils lack the bicflavonoids and that folded oils would contain
different proportions of the terpene hydrocarbons, including
the sesquiterpenes and their oxygenated forms, all of which
can be manipulated to synergize with the numerous physt-
ological utilities of the cocoa procyanidins.

The skilled artisan will recognize many variations from
these examples to cover a wide range of formulas, ingredi-
ents {¢.g. wine or tea solids), processing and mixtures to
rationally take advantage of the synergistic effects of patu-
rally occurring levels and distribution of cocoa procyaniding
used in combination with other natural products conlaining
identical or different phytochemicals. Further, the skilled
artisan will recognize the inclusion of noncocoa phy-
tochemicals in various combinations can be added as recipe
ingredients to prepare SOI or non SOI chocolate, any cocoa
based snack, beverage, syrup, cocoa, flavoring or supple-
ment.

EXAMPLES

The following examples are illustrative of some of the
products and methods of making the same falling within the
scope of the present invention. They are, of course, not tobe
considered in any way limitative of the invention. Numerous
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Cocoa Pelyphenols TOTAE.
MEDIM PENTAMER POLYPHENGL
Extract 29,767 ug JTEL70 pg
Cocon Powder 2,138 ug 31,072 ug
Liguor 1,957 ug 23,573 ug
EXAMPLE 1t

Cocoa Source and Method of Prepamation

Several Theobroma cacao genotypes which represent the
three recognized borticultural races of cocoa (Enriquez et
al, Cocoa Cultivars Register [ICA, Turriatba, Costa Rica
1967; Engels, Genetic Resources of Cacao: A Calalogue of
the CATIE Collection, Tech. Bull. 7, Turrialba, Costa Rica
1981) were obtained from the three major cocoa producing
origins of the world. A list of those genotypes used in this
study are shown in Table 2. Harvested cocoa pods were
opened and the beans with pulp were removed for freeze
drying. The pulp was manually removed from the freeze
dried mass snd the beans were subjected to analysis as
follows. The vnfermented, freeze dried cocoa beans were
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first manually dehulled, and ground to a fine powdery mass
with a TEKMAR Mill. The resultant mass was then defatted TABLE 3
overnight by Soxhlet extraction using redistifled hexane as
the solvent. Residual solvent was removed from the defatted Lrode Frocyenidia Yields,
mass by vacuum at ambient temperature. 5 GENOTYPE ORIGIN VIELDS ()
UTE-1 Malaysia 381
TABLE 2 Unknowsn Wesl{%ﬁica 258
Description of Theobroma cacqo Source Materal {g;go g:‘;ﬂd iﬁ
- ; R UF-613 3
GENOTYPE ORIGIN HORIICULTURAL Race 10 B g:ﬁ g—‘;g
U Malnysis Trinitario UF-12 Bmzil 1
Unknown West Africs Fomstero NA-33 Bonzdl - 223
ICS-100 Brazil Trivitaric
Nicamguan Criollo
R 15 B. Method 2 :
ICS-39 Brazil Trinitario Alternatively, cocoa polyphenols may also be extracted
(Nicarguan Criollo from the defatted, unfermented, freeze dried cocoa beans of
ACCESON) Example 1 with 70% aqueous acetone. Ten grams of defat-
g pral rinilario ted material is shirried with 100 mL solvent for 510 min.
UE-12 Brazil Trinitario op Theshurry is centrifuged for 15 min. at 4° €. at 3000xg and
NA-33 Brazil Formstero the supematant passed through glass wool. The filtrate is
subjected to distillation under partial vacuum and the result-
ant aqueous phase frozen in Hguid N, followed by freeze
drying on a LABCONCO Freeze Dry System. The yields of
EXAMPLE 2 crude procyaniding range from 15-20% of the starting
% materal.
Cocoa Polyphenol Extraction Procedures Without wishing to be bound by any particular theory, it
A. Method 1 is believed that the differences in crude yields reflected
Cocoa polyphenols were extracted from the defasted, — Varfations encountered with different genotypes, geographi-
unfermented, freeze dried cocoa beans of Example 1 using . cal onigin, horticultural race, and method of preparation.
& modification of the method described by Jalal and Collin, EXAMPLE 3
Phytochemistry 6 13771380 (1978). Cocoa polyphenols )
were extracted from 50 gram batches of the defatted cocos - Varying the Levels of cocoa Palyphenols Via
mass with 2x400 mL 70% acctone/deionized water followed Manipulating the Degree of Fermentation
by 400 ml 70% methanol/deionized water. The extracts ;.  Cocoa beans (T cocoa, SIAL 659) were subjected to
were pooled and the solvents removed by evaporation at 45° varying degrees of fermentation by removing and analyzing
C. with a rotary evaporator held under partial vacuum. The samples of beans taken from a mass of fermenting beans at
resultant aquecous phase was diluted to 1 1. with deionized varying periods of time of fermentation ranging from t0
waler and extracted 2x with 400 mL CHCl;. The solvent (time=zero hours) to 1120 (iime=120 hours). The results are
phase was discarded. The aqueous phase was then extracted shown in Table 4.
TABLE 4

Procyanidin Levels ppm (um/g) in defatied powder
with varying degrees of fermentation

Oligymer

SAMPLE Monmomer Dimer Trimer Tetramer Peptamer Hexmmer Hepdamer Octamer  Nonamer Decamer  Usdecamer  Total

A0 21,929 10,072 10,106 7788 331 3242 1311 626 412 146 i 60,753
B-124 21,088 9762 9119 T4 4774 2905 1364 608 361 176 r 57,252
C-t48 20,887 9892 9474 7337 4946 2929 1334 692 432 an i 58,165
D - 196 Q552 5780 5062 3360 2140 1160 464 254 138 tr ND 27,910
E- 120 8581 4665 4070 2527 1628 888 326 166 123 tr ND 22,974
NI = none detected

tr ~ trace {50 ug/p)

4x with 500 mL ethy! acetate. Any resultant emulsions were EXAMPLE 4

broken by centrifugation on a Sorvall RC 288 centrifuge
operated at 2,000%g for 30 mie. at 10° C. To the combined
ethyl acetate extracts, 100-200 ml. deionized water was
added. The solvent was removed by evaporation at 45° C.

Method of obtaining Cocoa Polyphenol Defatted
Cocoa Solids from Cocoz Beans Utilizing the
Inventive Process

Commercizlly available cocos beans having an imitial

with a rotary evaporator held under partial vacuum. The
resultant agueous phase was frozen in liquid N, followed by

moisture content of from about 7 to 8 percent by weight
were pre-cleaned using an 11"x56" Scalperator

freeze drying on a LABCONCO Freeze Dry System. The g5 (manufactured by Carter Day International, Minneapolis,

yields of crude procyanidins that wese cbtained from the
different cocoa genotypes are listed in Table 3.

Minn., USA). Approximately 600 bags of cocoa beans
(39,000 kg) were pre-cleaned over a 6.5 hour time period.
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The beaps were fed into the inlet hopper where the flow rate
was regulated by a positive feed roll. The beans were fed
onto the outside of a rotating wire mesh scalping reel. The
beans passed through the wire mesh reel and subsequently
through ap air aspiration chamber where hight dirt, dust and
strings were aspirated out of the product stream. The beans
that did not pass through the scalping reel were conveyed to
the reject stream. This reject stream consisted of large
clumps of beans, sticks, stones, ete. The amount of resultant
reject was approximately 150 kg, or 0.38% of the stanting
materizl. The resulting pre-cleaned product weighed about
38,850 kg and was passed to the bean cleaning step.

The pre-cieaned bean products from the Scalperator were
then further cleaned using a Camas International SV4-5 Air
Fluidized Bed Density Separator (AFBDS, manufactured by
Camas Inlernational, Pocoiello, Ind., USA). About 38,850
kg of cocoa bean products were fed into the AFBDS over a
time period of aboul 6.5 hours. The apparatus removed
substantially all heavy impurities such as stones, metal,
glass, etc. from the beans, as well as lighter wnusable
materials such as moldy and infested cocoa beans, resulting
in a cleaned bean product which contained substantiatty only
usable cocoa beans. The resulting heavy impurities removed
weighed about 50 kg and the light unusable materials
weighed about 151 kg. A total of about 38,649 kg of cleaned
beans was obtained after bath the pre-cleaning and cleaning
steps described hereinabove (99.1% yield after cleaning).

The cleaned cocoa beans were then passed through 2
infra-red heating apparatus. The apparatus used was the
Micro Red 20 electric infra-red wibratory Micronizer
(maoufactured by Micronizing Company (U.K.) Limited,
U.K.). The Micronizer was run at a rate of about 1,701
kilograms per hour. The depth of beans in the vibrating bed
of the Micronizer was about 2 inches or about 2-3 beans
deep. The surface temperature of the Micronizer was set at
about 165° C., resulting in an IBT of about 135° C., for a
time ranging from 1 to 1.5 miautes. This treatment caused
the shells to dry rapidly and separate from (ke cocoa aib.
Since substantially all of the cocoa beans fed into the
Micronizer were whole beans and were substantially free of
small broken pieces of bean or shell, no sparks or fires were
observed during the infra-red heating step. The broken
pieces separated by the vibrating screen prior to the Micron-
izer were re<iptroduced into the product stream prior to the
wimnowing step.

The beans after the Micronizer had a moisture content of
about 3.9% by weight. The beans emerged from the Micron-
izer at an IBT of about 135° C. and were immediately cooled
to a termperature of about %0° C. in about three minutes to
minimize additional moisture loss. The total beans available
after the heating step was about 36,137 kg.

The beans were then subjected to winmowing using a
Jupiter Mitra Seita winnower {manufactured by Jupiter
Mitra Seita, Jakarta, Indonesia). The winnowing step
cracked the beans to loosen the shells and separated the
tighter shells from the pibs while at the same time minimiz-

ing the amount of nib lost with the shell reject stream. The ~

feed rate into the winnower was about 1,591 kg per bour.
The resultant products included about 31,861 kg of usabte
nibs and 4,276 kg of reject shells. The overall yield of usable
nibs from starting material was about 81.7%.

The resulting cocoa nibs were pressed using a Dupps 10-6
Pressér (manufactured by The Dupps Company,
Germantown, Ohio, USA). A steady, consistent feed of
about 1,402 kg per hour of nibs was fed into two screw
presses to extract butter. The press produced about 16,198 kg
of cocoa butter which contatned about 10% cocoa solids,
and about 15,663 kg of cocoa solids which contained about
10% butter.
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The cocoa butter was further processed using a Sharples
P3000 decanting centrifuge (manufactured by Jenking Cen-
trifuge Rebuilders, N. Kansas City, Mo., USA). The cen-
trifugation resulted in the removal of the solids from the
butter by centrifugal forces. The centrifuging reduced the
10% solids in the butter to about 1-2% solids, and resulted
in sbout 13,606 kg of butter and 2,592 kg of cocoa solids
containing aboul 40 io 45% butter.

The butter contairing 1-2% solids was further processed
using a plate and frame filter (manufactured by Jupiter Mitra
Seita) which removed the remaining solids from the butter
and resulted in aboul 13,271 kg of clear cocos butter and
about 335 kg of cocoa solids containing 40-45% butter.

The cocoa solids removed from the centrifyge and the
filter press contained about 40-45% fat and were pressed in
a batch hydraulic press to produce 10% fat cocoa cake. Fhis
material produced about 1,186 kg of clear butter and 1,742
kg of cocoa solids.

The total clear butter yield from the incoming beans was
14,456 kg, or 37.1%. The total cocoa solids produced from
the incoming beans was 17,405 kg, or 44.6%. The butter was
subsequently tempered and packaged.

EXAMPLE 5

Method for Quantifying Cocoa Polypheno] Levels
in Various Samples Processed by Conventional and
Inventive Methods

Cocoa polyphenol extracts were prepared from a variety
of cocva sources (shown in Table 5) by grinding 6-7 g of
sample using a Tekmar A-10 Analytical Mill for 5 min, or,
in the case of liquors, from 6-7 g of chocolate liquor sampile
without addijtional grinding. The sample was then trans-
ferred to a 50 mL polypropylene centrifuge tube, approxi-
mately 35 mL of hexane was added, and sample was shaken
vigorously for 1 min. Sample was spun at 3000 RFM for 10
min using an International Equipment Company [ECPR-
7000 Centrifuge. After decanting the hexane layer, the fat
exiraction process was repeated two more limes. Approxi-
mately t g of the defatted material was weighed into a 15 mL
polypropylene centrifuge tube and 5 ml of a 70% acetone:
29.5% water: 0.5% acetic acid solution was sdded. The
sample was vortexed for about 30 sec using a Scientific
Industries Vortex Genie 2 and spun at 3000 RPM for 10 min
in the [ECPR-7000 Centrifuge. The Hquor was then filtered
into a 1 ml hypovial through a Millex-HV 0.45x filter.

Cocoa polyphenol extracts were analyzed by a Hewlett
Packard 1090 Series IF HPLC system equipped with a HP
Model 1046A Programmable Fluorescence detector and
Diode Array detector. Separations were effected at 37° C. on
a 5u Supelco Supeleosil LC-Si columa (250x4.6 mm} con-
nected to a Supeleo Supelguard LC-8i 5 um guard column
(20x2.1 mm). Procyanidins were cluted by lincar gradient
under the following conditions: (time % A, % B, % C); (0,
82, 14, 4), (30, 67.6, 28.4, 4}, (60, 46, 50, 4), (65, 10, 86, 4),
followed by a 5 minute re-equilibration. Mobile phase
composition was A=dichloromethane, B=methanol, and
Cwacetic acid:water at a volume ratio of 1:1. A flow rale of
1 ml/min was used. Components were detected by
flugrescence, where 3. =276 nm and ). =316 om, or by UV
at 280 nm. BEpicatechin in the concentration of approxi-
mately 1 mg/ml was used as an external standard,

HPLC conditions:

250%x4.6 mm Supelco Supelcosil 1.C-5i column (5 pm)

20x2.1 mm Supeleo Supelguard LC-8i (5 um) gnard
column

Detectors: Photodiode Array at 280 nm
Fluorescence }.,,~276 nm, *.,,,=316 nm
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Moreover, the inventive process retained the highest level of
higher oligomers, i.e., the level of pentamers from the E2

sample was 1983 ug/g as compared to 3,168 ug/g (sample
#937-59) from the inventive process.

5

::'dlf Additionally, a sample set of the following cocoa sources
wrater () through (d) were analyzed for cocoa polyphenols levels

Gradient CHCL, metharol 1:1) by the aforementioned procedure:
h! 76 0 4 sp  (8) Sulawesi raw beans prior 1o processing by the inven-

el 46 59 4 tive process (RB-1),
13 10 6 4
(b) cocoa bean nibs obtained from the inventive process,
according to Example 4, except as modified at the
TABLE 5

Oligomer Amoupl {(ug/g)

Mon- Tetra- Pen- Hex- Hep Oc- None Tota!
Sample Description omer Dimer Trimer mer (amer smer lamer tamer amer Polyphenol
937-59 Inventive (Sulawes! unfermenied screw pressed cocoa) 9433 5929 5356 4027 3168 2131 1304 TI% 439 32743
Eil  Compemtive {acrew pressed cocoa cake-Sulawesi) 8713 5538 3880 2289 1553 Te2 372 210 60 23376
E2  Compamative {screw preased cocoa cake-Sanchez) 8733 5564 4836 3031 1583 1099 3485 361 221 29318
E3  Compsnative {sctew pressed cocoa powder-Sulawesi) 7104 4915 g4 020 1121 §76 273 153 L1 15871
Ed4  Compamtive (hydranlically pressed cocon 7157 3981 2472 1226 583 260 g7y - - 15773
cake-blend of origing)
ES . Compantive (hydraulically presaed cocon 5811 3169 1503 537 171 55 - = - 11245
powder-blend of origins) .
E6  DeZaap defatted cocor powder - DIS - 581 421 123 35 e mmmm— 1161
gupereritical fluid exteacted - alkalized
unknown bean origin)
E?  Comparative {roasted cocoa nibs - blend of 2526 1551 824 il 77T 64 43 e 5291
origing)
E8  Comparative (propane extracted cocon nibs - 2004 1835 @27 29 ii6 63 37— —_ 6140
blend of origius)
E9  Comparative (Javabeans) 2677 2092 1645 934 632 378 240 127 93 8868
E) Compamtive (Papus New Guinsa beans) 2856 1960 1672 748 318 148 T4 36 — 7807
Eil Comparative (Papua New Gurinea beans) 5258 3651 2402 959 485 261 159 54 e 13228
937-59 South Region, Sulawesi Liquor 1801 1205 555 1i4 — -— —_ - —_ 3675
937-59 Scutheast Region, Sulawesi Liguor 381 2131 1213 487 150 31— - - 7873
037-59 Cenmal Region, Snlawes Tigquor 3568 1718 847 205 68 — —-— = —_ 6566
QC 1. Compamtive Scyew Press Cake #1 2267 2034 1360 579 297 132 50 17 14 6759
CC 2 Companative Screw Press Cake #2 2894 2313 1548 683 323 138 49 35 21 8001
CC 3 Compamtive Scrow Fress Cake #3 2437 1878 123 561 339 88 44 12 trace 6589

A sample set containing 9 pressed cocoa cakes, 3 cocoa infra-red heating stage by adjusting the temperature to

meals, 3 pressed cocoa powder samples, 3 liquor samples, 3 45 that which polyphenols would be conserved, ie.,
bean samples and 2 nib samples were analyzed for procya- approximately 100-110° C. (MN-1),
nidin levels by the aforementioned procedure. The results (¢) two samples of cocoa solids nonfat obtaiped from the
are shown in Table 5. Procyanidin levels were compared to inventive process (MS-120 and MS-150),
those previously reported for Sulawesi samples defatted by (d) conventionally processed, Sulawesi raw nibs prior to
the inventive process. The screw pressed cocoa cake from 50 processing {(RN-1 and RN-2), and
Sanchez beans (comparative Sample No. E2) contained (¢) Sulawest, conventionally processed partiatly defatted
procyanidin levels closest o that found in the inventive cocoa solids (C8-1 and CS-2).
processed samples, but 30% less total procyanidins. The results are shown in Table 6.
TABLE 6
Defaied Dry Weight Basis
Oligomer Amount (ug/g)
Mon- Te-  Pen- Hex- Hepr Oc- Non- Total

Sample Description omer Dimer Tnmer (ramer tamer amer tamer tames amer Polyphenol % Fat

RB-1 Raw Beans, Sulawes 11354 5924 4643 3180 2181 {143 529 305 16§ 31425 480

MN-1 [nventive nibs 1329 5900 4034 2120 1334 752 441 160 94 28014 473

{RB-1 = starting m=lcrial)
MS-120 [nventive solids @ 120 pei 15301 6592 4447 2526 1507 721 360 219 139 31811 1.9

(RB-1 = atarting material)
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TABLE 6-continued
Detatted Weight
igomer Amount {yg/g)
Mon- Te- Pen- Hex- Hep Oc-  Non- Total
Sample Description omer Dimer Trimer (mmer tamer amer tsmer tamer amer Polypbhenol % Fai
MS-150 Inventive solids @ 150 pei 10025 5560 4839 M5 2106 1139 542 284 214 27955 11.1
(RB-1 = stasting matersl}
RN-1 Raw nibs, Snlawesi ToTe 5643 5426 4185 3021 1806 1i50 624 340 192 48.5
CS$-1 Conventiomal solide, Sulawesi 10527 43887 W69 1585 o1 267 35 26 trace 20986 P
RN-2 - Raw nibs, Sulawesi 12219 7635 7202 5619 4014 2384 1471 751 406 41701 473
C5-2 Conventional solids, Snlawesi 10170 4863 280 1333 254 182 128 37 40 15811 263

Oligomes amount have been rounded io the nearest whole number; totsl poiyphenols mey include additional polyphenols above nonamer.
The tom] polypheno] amounts for MS-120 represent nearly 100% recovery by inventive prootsa,
The total palypheno] amounts for MS-150 represent nearly 89% recovery by inventive process,

Polypbenols extracted from inventive solids such as RB-1
and MS-120 can be purified by preparative normal phase
chromatography by modifying the method of Rigaud et al.,
(1993) J. Chrom. 654: 255--260. Separations are affected at
ambient temperature on a 3 u Supelcosi} LC-S§i 100A
column (50x2 cm), with an appropriate guard column.
Procyamidins are eluted by a hnear pgradient under the
following-conditions: (time, % A, % B, flow rate); {0, 92.5,
7.5,10); (10, 92.5, 7.5, 40); (30, 91.5,18.5, 40); {145, 88, 22,
40); (150, 24, 86, 40); (155, 24, 86, 50); (180, 0, 100, 50).
Prior to use, the mobile phase components can be mixed by
the following protocol:

Solvent A preparation (82% methylene chlordde, 14%
methanol, 2% acetic acid, 2% waler);

1. Measure 80 ml of waler and dispense into a 4 L botile.

2. Measure 80 ml of acetic acid and dispense into the same
4 1. bottle.

3. Measure 500 m] of meihanol and dispense into the

same 4 L bottle,

4. Measure 3280 ml of methylene chloride and dispense

into the same 4 L. botle.

5. Cap the bottle and mix wekl.

6. Purge the mixture with high purity Helium for 5 to 10

mioutes to degas.

Repeat 1 to 6 (wo limes to yield 8 volumes of solvent A.

Solvent B preparation (96% methanol, 2% acetic acid, 2%
water):

1. Measure 80 m] of water and dispense into a 4 L botile.

2. Measure 80 ml of acetic acid and dispense into the sarpe

4 L bottle.

3. Measure 3840 ml of methanol and dispense into the

same 4 [, bottle.

4, Cap the bottle and mix well

5. Purge the mixiure with high purity belium for 5 to 10

minutes o degas.

Steps i to 5 can be repeated 1o yield four (4) volumes of
solvent B, Mobile phase composition can be A=methylene
chloride with 2% acetic acid and 2% water; B=methanol
with 2% acetic acid and 2% water. The column load can be
0.7 g in 7 ml. Components can be detected by UV at 254 pm.

By this method, procyanidins can be obtained from the
inventive solids.

As evidenced by the total polyphenol compositions
obtained from RB-1, MN-1, MS-120 and MS-150, the
inventive process affords at least 70% conservation, even at
least 85% conservation (e.g., 85-89% see MS-150) and as
much as at least 95% conservation (e.g., 95-100%; see
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MS-120) of the polyphenols concentration; whereas, the
conventional processes result in approximately (less than
50¢%) to less than 70% conservation of the polyphenols
concentration {see CS-1, CS-2).

Farther, RN-1 and RN-2 represent varying concentrations
of brown beans (or well fermeated beans) in the composition
starting material, such that, RN-1 was derived from a bean
siock containing approximately 25% browa beans, and
RN-2 was derived from a bean stock containing approxi-
mately 0¥ brown beans. As evidenced by the total
polyphenol concentrations obtained from each of these
sources, it is evident thai the concentration of brown beans
present in the starting bean-stock is inversely proportional to
the total polyphenols concentration that may be obtained
from such a source, such that those samples derived from
bean stocks containing a high percentage of brown beans
will yield a mlatively low amount of polyphencls {and
conversely, slaly and/or purple beans which are less fer-
memed will yield a relatively high amount of polyphenois).

The percentage fat of each composition in Table 6 was
also determined. The inventive process obtained levels of fat
which are comparable {o that derived from conventional
methods,

EXAMPLE 6

Cocoa Bean Winnowing Using An Air Fluidized-
Bed Density Separator

An air fluidized bed density scparator (AFBDS) manu-
factured by Camas International was tested to determine its
effectiveness as a cocoa bean wingower. A blend of beans
from West Africa and Central America were heated at about
150° C. for about 4 minutes to loosen the shell and were
cracked with a centrifugal bean breaker. The cracked beans
were separated by the AFBDS which resulted in a shell in
nib level of between 0.29 o 0.99% and a nib in shell level
of between 6.7 to 8.7%. Although the shell in nib level was
acceptable, it was observed that a significant portion of the
nibs in the shell was a result of pieces of nib which remained
in the large pieces of shell. The large pieces of shell,
resembling cracked eggshells, were conveyed on the top of
the separation chamber. These shells typically had large
pieces of nib entrapped within them which conveyed the
nibs into the shell stream. To reduce this aib loss, a system
for decreasing the size of the shell pieces was required which
did not also decrezse the size of the mibs.

A follow-up irisl consisted of screening the fow of
material between the secomd and third chamber of the
AFBDS. This material was separated with a vibrating screen
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with a 0.375 inch screen opening. The screen successfully
removed the larpe pieces of shell from the material with
virtuatly 0o loss of nibs. The material which passed through
the screen was introduced back into the third separation
chamber and the shells and nibs were subsequently sepa-
rated in the chamber. The amount of shell in nib was found
1o be very low, however there remained a loss of small nib
in the shell stream.,

To reclaim the nib in shelf from the third chamber, another
vibrating screen was utilized with a 0.11 inch screen opening
size. This screen successfully separated the remaining nib
from the shell.

The fourth chamber is typically used to remove heavy
impurities such as rocks, stones, etc. As a winnower, this
chamber would not be required as the winnower will typi-
cally receive matedal which is free of these materals. In
practice, the 5% How into the fourth chamber would be
passed through chamber one aed onto chamber two and
three.

4
EXAMPLE 7

Method of Obtaining Chocolate Liguor from
Underfermented Cocoa Beans According to One
Embodiment of the Invention

Commercially available Sanchez cocoa beans having an
initial moisture content of 7.9% by weight were used for
processing. A cut test was performed on 300 of the beans and
categorized the beans as 43.7% slaty, 13.0% purple, 22.0%
purple-brown, and 17.7% brown. The beans had a fermen-
tation factor of about 210.

The beans were heat treated using an FMC Link Belt
Roaster. Three batches of approximately 50 kg of the beans
were separately fed at a rate of 15 kg/min through the
roaster with a residence time of 22 minutes. The degree of
roast was varied in the three 50 kg batches by controlling the
air temperature in the Link Belt at 127° C., 159° C., and 181°
C. The resulting internal bean temperatures (IBTs) as well as

20 the final bean moistures for each batch are listed in Table 8.
Table 7 is & summary of the performance of the AFBDS The roasted beans were cracked and winnowed in a Bauer-
as a winpower: meister Cracker/Fanner (Machine #37100) to scparate the
cocon nibs from the shells. A sample of the nibs collected
TABLE 7 was analyzed for oligomer content, as also shown in Table
25 8.
Air Fluidized Bed/Vibratory Scree
' Winnowing 13;‘;! g : The moasted Sanchez cocoa nibs were then fed through a
Carle & Montanari Mill at a rate of 2.9 kg/min to grind the
% of % Shell in ; : o
) nibs into chocolate Hquor. In the mill, nibs dropped from a
Flow Nib % N in Shell feed hopper into a parrow space belween stationary and
Chamber 1 65 0.020 0 3 rotating grinding plates, reducing the particle size to a few
Chamber 2 0.8 G.002 0 hundred microns and releasing the fat contained within the
gﬁéﬁ E;cmn 0.5 0020 <g:é nfb.. The pre-milled liquor was collected for analysis and
0.11 inch scresn 0.5 0.075 0.59 subjected to further processing. The process temperature,
Chamber 4 5.0 G 0 moisture, and oligomer content of the pre-milted liquor were
T0TaL 100 G117 <1.08 3% measured and are reporied in Table 8.
CONVENTIONAL 1.75 max, range of 4-8% . . ’ i
WINNGWING 1.00 The pre-milled liquor was then processed in 10 kg batches
typical in a Szegvari Q1 Circulation Aftritor Ball Mill for 20
- - minutes per batch to further reduce the particle size and
(ﬁaﬁgﬁb sefert o the amount of the clean nib thas wa taken oot in ench 4 Cifect fat release. The pre-milled liquor was pumped through
the milling chamber. The milling chamber overflowed into
As can be seen from the resulls above, the AFBDS can be an agitated recirculation tank, from which Liquor was con-
used as a winnower and provide separations much finer than tinwously pumped back into the milling chamber. The fin-
conventional winnowing processes. The use of an AFBDS ished liquor was collected for anmalysis. The process
surprisingly meets the FDA requirements for the amount of  temperature, moisture, and oligomer contents of the finished
shell in the nib produdt, and has a very high yield of nib. liguor were measured and are shown in Table 8.
Pentamer Total
Pentamer Totsl Content  Procyanidin
Product Percent  Content  Procyanidin Total Total
Temperatore  Moistuze  Defamed DefaLied Weight Weight
127 ¢ uy° c, 45% 3487 uglp 43E00 uglp 1953 mgly 24618 pglg
Roast BT
Nibs
Pre-milled 957 C. 14% 3110 pgle 43579 ppig 1555 sy 2170 ugg
Ligquor
Finished B2 C. 23% 3886 pply 47421 uglg 1943 gl 23710 pgfg
Liguer
159° C. 142°C,, 24% 1057 pg/g 30334y B10 myy 21234 uglg
Raast BT
Wibs
Preemilled 927 C. 14% 13311 pglg 32580 ugig 655 pwig 16294 uglg
Liquor
Finished 55 C 14% 1453 ugly 33653 g 727 Mgl 16826 ugfg

Liquor
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TABLE 8-continued

Unfermented Bean Process Results -

Pentamer Total
Pentamer Toetal Content  Procysnidin
Product Percent Comtent  Procyanidin Total Total
Temperature  Moisture  Defatted Defatted Weight Weight
181° G 162° C,, 13% 07 gly 18266 pgig 475 mgly 12786 uglg
Roast BT
Niba -
Pre-milled B3 C, 0.83% 604 ug/g 20656 pg/g 302 uglg 10328 upfg
Liguor
Finished 597 L 0.89% 15 uglg 23312 pgig 408 g 11656 ugig
Liguor

1o 162* C.), the level of total procyanidin decreases from
24,618 pg/p to 12,786 upg/g. The decrease is particularly
pronounced with the higher oligomers, e.g. the pentamer

(Machine #37100) to separate the cocoa nibs from the shells.
A sample of the nibs collected was analyzed for oligomer
content, as shown in Table 9. . '

level decreases from 1,953 pg/g 1o 425 ug/g. Accordingly, 2 _
the Toasting temperature is an important factor in the reten- The roasted West African cocoa nibs were then fed
tion of cocoa polyphenols, especially the higher aligomers. lhr.oug,h a Carle & Montanar Mﬂlhat a rate of 2.9 kg/min to
grind the nibs into Liguor. In the mill, the nibs dropped from
EXAMPLE § a feed hopper into a narrow space between siationary and
Method of obtaining Chocolate Liquor from 25 rotating grinding plates, reducing the particle size to few
Fermented Cocoa Beans Utilizing Another hundred mictons and releasing the fat contained within the
Embodiment of the Invention Process nib. The pre-milled liquor was collected for analysis and
Commercially available West African cocoa beans having S“chCled o further processing. The process temperature,
e . . moisture, and oligomer content of the pre-milled liguor were
an initial moisture content of 6.7% by weight were heat 3 measured and ate reported in Table 9
treated using an FMC Link Belt Roaster. A cut test per- Bo )
formed on 300 of the beans categorized them as 2.7% slaty, The West African pre-milled liquor was then processed in
1.6% putple, 25.7% purple-brown, and 70.0% brown. The 10 kg batches in a Szegvari Q1 Circulation Attritor Ball Mill
beans had a fermentation factor of 363. Three batches of for 20 minutes per batch to further redice the particle size
approximately 50 kg of the beans were fed at a rate of 1.5 35 and effect fat release. The pre-milled liquor was fed through
kg/min through the roaster with a residence time of 22 the milling chamber. The milling chamber overflowed into
minutes, The degree of roast was varied in three 50 kg an agitated recirculation tank, from which liguor was con-
batches by controlling the air temperature in the Link Belt at timiously pumped back info the milling chamber until a
131° C., 156° C., and 183° C. The resulting inlermal bean  conventional particle size was reached. The finished liquor
temperatures (IBTs) as well as the final bean moistures for 4 was ‘collected for analysis. The process iemperature,
each batch are listed in Table 9. The roasted beans were moisture, and oligomer content of the finished liquor were
cracked and winnowed in a Bauermeister Cracker/Fanner measured and are shown in Table §.
TABLE 9
_ Fergwented Beap Process Resalts
Peotamer Tonsd
Peatamer Total content  Procyanidin
Froduct Percent  Contest  Procynnidie Total Towal
Temperature  Moisture  Defatted Defatted Weight Weight
131° C Roast 121°C,  12%  Sdpgp 10227 wglg 402 pgly B181 iz
Nibs IBT
Pre-milled 94° C. 1% 4 ugg 11506 gy ASluglg STS3 ume
Liquor
Finished 61" ¢ 18%  865pnglg 11298 apy 432 ugle 5649 wplg
Liguor
1367 C 141°C, 16%  33pgg 1631 ugiy 156 upg 5889 uglg
Nibs BT
Pre-milied 85° . 12%  D5pgly  TAldumlg 138 g 3707 wglg
Liquor
Finished 62° C. 12%  24pgg 7844y 162 pgls 3922 pfe
Liquor
183° €. Roas! 163°C,  085%  124pgg  S63lugyg  S2ugg 2815 ey
Nibs BT
Fre-milled 73 C 051% 222agg 6529 gy 11lpgiy 3265 uglg
Liguor
Finished 69 C, 0.73% 246 pglg 66310 pgig 123 pglg 3305 uglg

Liquar
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As shown in Table 9, as the temperature of the roast is
increased from 131° C. to 183° C. (or the IBT from 121° C.
0 163° C)), the level of total procyanidin decreases from
8,181 ugig to 2,815 ug/g. The decrease is particularly
pronounced at with the higher oligomers, ¢.g. the pentamer
level decreases from 402 ug/g to 62 ug/g. Accordingly, the
roasting temperature is an important factor in the retention
of cocoa polyphenols, especially the higher oligomers, when
roasting both underfermented {(Example 7) and fermented
(Example 8) cocoa beans.

The liquor produced in Example 8 could be further-
processed into cocoa butter and cocoa powder. The cocoa
solids would contain a high level of the procyanidins.
Processing the Hquor to butter and powder could be accom-
plished using a hydraulic press such as manufactured by
Carle and Montanari. The liguor from Example 8 could be
heated to 200 1o 215° C. The liquor is then pumped into the
press pots. When the pots are fillled with liquor, the hydraulic
ram is activated. Cocoe butter is squeezed through very fine
mesh screens. The resultant products are cocoa cake and
cocoa butter, The nonfat cocoea solids contained in the cocoa
cake would have the same amount of procyanidins as were
present in the initial liquor. The cocoa cake produced via this
process could be used in edible products.

EXAMPLE 9

A Method of Infra-red Heating Cocoa Beans to
Produce a Chocolate Lignor Containing Increased
Levels of Cocoa Polyphenols

Fair average quality (FAQ) Sulawesi cocoa beans having
an initial moisture content 7.4% by weight and a fermenta-
tion factor level of 233 (31% slaly, 29% purple, 22% purple
brown and 17% brown) were selected as the starting mate-
rial. The cocoa beans were then passed through an infra-red
heating apparatus. The apparatus used was an infra-red gas
vibrating micronizer (manufactured by Micronizer Com-
pany (UJ.K.) Limited, U.K.). The feed raie of beans through
the infra-red heater and the infra-red heater bed angle were
varied 10 control the amount of heal treatment the beans
received. The amount of time the beans spent in the infra-red
heater (residence lime) was determined by the bed angle and
the feed rate. The limes used to prepare the example material
are listed in the Table 10 below. At the outlet of the
micronizer the [BT of the beans was measured, these valucs
are also shown in Table 10. The surface temperature of the
beans exiting the infra-red heater are higher than the IBT.
Rapid surface cooling brings the surface temperature close
to the IBT in less than 1 minute, The traditional purpose of
infra-red heating is 1o heat the whole beans and loosen the
shell from the nib. In the example, the micronizer was used
10 roast the Sulawesi beans in a novel fashion by increasing
the thermal load on the beans, ie., high temperature short
time (HEST). No fires were observed in the Micronizer
during the infra-red beating. A total of 25 kg of raw beans
were infra-red beated at cach set point.

The infra-red heated beans were further processed into
chocolate liquor. This liquor was produced using lab scale
liquor processing equipment. The same processing could be
done using the plant size equipment referenced in Example
7. A 1 kg sample of infra-red heated beans collected off the
infra-red heater at different IBTS were cracked into smaller
pieces. This is done 1o facilitate the separation of the nib
from the shell. The laboratory piece of equipment used to
remove the shell was the Limiprimita Cocoa Breaker made
by the John Gordon Co. LTD. of England. The cracked
beans were next passed through a laboratory scale winnow-

10
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ing system. The plece of equipment used was the Catador
CC-1 made by the John Gordon Co. LTD of England. The
resull of this processing was that the shells and nibs were
separated. :

The cocoa nibs were next milled into a coarse liquor. This
was accomplished using a Melange made by Pascall Epgi-
peering Co. LTD England. This device crushes and grinds
the nibs into a chocolate liquor The normal operating
Ismperature for the liquor in the Melange in approximately
50° C. This same process of taking nibs 1o a coarse liquor
could be done on a larger production scale using the Carle
& Montanari Mill mentioned in Example 7. The cocoa nibs
were ground in the Melange for one hour in cach experi-
ment. This cycle time was sufficient to convert the nibs to a
liguor. The content of cocoa polyphenols was measured for
the samples relating to the infra-red heated temperatures.
These valucs are contzined in the Table 10 below.

TABLE 10

X % Hg'e Haig of
Reaidence Moisture Pentamer Total

Time in in in Folyphenols

Micronizer, Finishad Deefatted in Defatted
BT C. Seconda Liguor Liguor Liguor
107 42 39 3,008 39,600
126 82 1.87 1,487 28,815
148 156 1.15 655 23,937

As shown in Table 10, as the internal bean femperature of
the cocoa bean is increased from 107° C. to 148° C,, the
level of total procyanidin decreases from 39,690 /g to
23,937 pg/g. The decrease is particularly pronounced at with
the higher oligomers, ¢.g. the pentamer ievel decreases from
3,098 ug/g to 695 ug/g. Accordingly, the internal bean
temperature of the cocoa bean resulting from any heating is
an important factor in the retention of cocoa polyphenols,
especially the higher oligomers.

EXAMPLE 10

Standard of Identity (SOI) and Non-Standard of
identity (non-SOI) Dark and Milk Chocolate
Formulations

Formulations of the compounds of the inveation or com-
bination of compounds derived by methods embodied in the
invention can be prepared into SOI and pon-SOI dark and
milk chocolales as a delivery vebicle for human and veten-
rary applications. The cocoa polyphenot solids of Example
4 are used as a powder or liquor to prepare SOI and non-S0I
chocolates, beverages, snacks, baked goods, and as an
ingredient for culinary applications.

The following describes the processing steps used in
preparing these chocolate formulations.

Process for non-SOI Dark Chocolate

1. Batch alf the ingredients exciuding 40% of the free fat
{cocoa butter and anhy. milk fat) maintaining lemperature
between 30-35° C,

2. Refine to 20 microns.

3. Dry conche for 1 hour at 35° C,

4. Add full lecithin and 10% cocoa butter at the beginming
of the wet conche cycle; wet conche for 1 howur.

5. Add all remaining fat, standardize if necessary and mix for

1 bour at 35° C.

6. Temper, mould and package chocolate,

Process for SOI Dark Chocolate

1. Balch all ingredients excluding milk fat at a temperature
of 60° C.
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2. Refine to 20 microns.

3. Dry conche for 3.5 hours at 60° C.

4, Add lecithin and milk fat and wet conche for 1 hour 2t 60°
C

5. Standardize if necessary and mix for 1 hour at 35° C. s
Temper, mould and package chocolate.,

Process for non-8501 Milk Chocolate

1. Batch sugar, whole milk powder and 6% cof the cocoa
butter, conche for 2 bours at 75° C.

2. Coal batch to 35° C. and add cocoa powder, vaniliin,
chooolate Lguor and 21% of cocoa butter, mix 20 minutes
at 35° C.

3. Refine to 20 microns.

4. Add remainder of cocoa butter, dry conche for 1.5 hour at
35° (L

5. Add anhydrous milk fat and lecithin, wet conche for 1
hour a1 35° C.

6. Standardize, temper, mould and package the chocolate.

Process for SOI Milk Chocolate

1. Batch all ingredieats excluding 65% of cocoa butter and
milk fat at a temperature of 60° C.

10

15

50

2. Refipe to 20 microns.

3. Dry conche for 3.5 hours at 60° C.

4. Add lecithin, 10% of cocoa butter and ashydrous milk fat;
wet conche for 1 bour at 60° C.

5. Add remaining cocoa butter, standardize if necessary and
mix for 1 hour at 35° C.

6. Temper, mould and package the chocolate.

The cocoa polyphenols cocoa solids and commercial
chocolate Hquors used in the formulations were analyzed for
the content of total cocoa polyphenols and cocoa polyphenol
pentamer according to the method of Example 5 prior to
incorporation in the formmlations. These values were then
used to calculate the expected levels in each chocolate
formuls. In the cases for the non-SOI dark chocolate and
pon-S0I milk chocolate, the products were similarly ana-
lyzed for the content of total cocoa polyphenols and cocoa
polyphenol pentamer. The results are shown in Tables 11 and
12.

TABLE 11

Dark Chocolate Formulas Prepared with noa-ABalized Cocos Ingredients

Non-SOI Dark Chocolate
Using Cocoa Polyphenals
Par. Defat Cocoa Solids

SOT Dark Chocolate
Using Commerciaj Cocoa
Selids Nonfat

S0l Park Chocolate Using
Cocoa Polyphenol Cocoa
Solids Nonfat

Tormulation: Formulation: Formulation:
41.49% Sugar 41.4% sugar 41.4% sugar
3% whole mifk powder 3% whole mitk powrder 3% whole milk powder

26% cocon polyphenol 52.65% cocon polypbenol §265% chooolate liquor
cncon powkler liguor 2.35% anhy. miik fat
45% chocolals liguor 2.35% anhy. ouilk fat 0.01% vanillin
21.75% cocon butler 0.01% vanitiin 0.8% lecithin
2.75% nnhy. milk fai 0.5% lecithin
03.01% venillin
0.5% Lecithin .
Total fat: 31% Total fat: 31% Total fat: 31X
Particle size: 20 microns Particle size: 20 microns Particle size; 20
. microns

Expected Levels of pentamer and total oligomer procyaniding (monomers and n = 2-12; units of

L)
Pentamer: 1203 Pentamer: 1306 Pentamer: {85
Total: 13748 Total: 14646 Total: 3948
Actual Levels of pentamer and total oligomer procyaniding {monomers and n = 2-12; cnits of
ne/g)
Pentamer: 561 Not performed Not performed
Total: 14097
TABLE 12

Milk Chocolate Formulas Prepsred with non-Alkalized Cocon Ingrediznts

Non-5C1 Mitk Chocolate Using
Cocon Polyphenol Cocors Solids
Farmulation:

SO Milk Chocolate Using
Commercial Cocon Solids
Formulation:

SOY Milk Chocolate Using Cocoa
Polyphenot Cocon Solida
Formuiation:

46.9965% Sugar
19.5% whole milk powder
4.5% cocoa polyphenol cocoa
powder
5.5% chocolate liquor
214% cocon botter
1.6% anhy. milk fat

469965% smgar
1%.5% whote milk powder
13.9% chocoiate liquor
1.60% anhy. milk fat
0.0035% vanillin
0.5% lecithin
17.5% cocon butter

46.9965% sugar
19.5% whole miik powder
13.0% cocom polyphenol liquor
1.6% enky. milk fat
G.0635% vanitiin
0.5% lecithin
1.5% cocoa butler



CaSagelr33-01-DDOERC-PScunizocuhedd -4 Fileded 0228007 PaBeadd 3t 4545

US 6,312,753 B1

51 52
TABLE 12-continued
Milk Chocolate Formutas Prepared with noo-Alkalized Cocon Ingredients
0.035% vanillin
0.5% lecithin
Total fat: 31.75% Total f: 31.75% Totsl fat: 31.75%
Particle size: 20 microns Particle size: 20 mictons Particle size: 20
microns
Expecied Levels of pentamer and total oligomer procyanidins {menomer erd n = 2-12; units of
ngg)
Pentamer: 225 Pentamer; 343 Pentamer: 49
Total: 2734 Total: 3857 Total: 1042
Actual levels of pentamer and toial cligomer procyaniding (mosomers and p = 2-12; umits of
ug'g)
Pentamer: 163 Not performed Not performed
Total: 239%
20
EXAMPLE 11
Dry Drink Mix with Cocoa Powder Containing. Ingredient %
Echanced Levels of Cocoa Polyphenel 25
Chili Powder 2.4
) . . Otive Ol 48
A dry drink mix containing the cocoa powder of Example Cumin 039
4 having enhanced levels of cocoa polyphenois was made Cinnamon 0.21
: s ian- Stewed Tomatoes 0.8
according to the foliowing formulation: Chovolte Liquos (from L4
30 Example 7)
1040.00

Ingredient %
Sucroze 65.0667
Malt Powder 119122
Cocon Polyphenol Rich Cocoa Powder 18,0185
Alkalized Cocon Powder 4.0041
Vanillin 0.0025
Tecithin 0.9960
1G0.00

The dry ingredients were batched according 1o the above
formulation and mixed for ome hour in a Kitchen Aid
Professional Mixer (Model KSM50P) using # wire whip at
#2 speed. The Jecithin was agglomerated prior to use in the
recipe in a Niro-Aeromatic Agglometer (Model STREA/1).

The dry drink mix was evaluated according to the method
of Example 5 and found to have the following cocoa
polyphencl content:

Pentarner Content: 221 ug/g
Total Polyphenolic Content: 4325 ng/p

Two tablespoons of the dry drink mix (30 g) were added
to milk (8 ounces, 2% faf) to form & chocolate flavored
drink,

EXAMPLE 12

Savory Sauce with Chocolate Liquor Containing
Enhanced Levels of Cocoa Polyphenol

Amole sauce containing the chocolate tiguor of Example
7 conieining enhanced levels of cocoa polyphenol was made
according to the following formulation:

35

45

50

55

65

The oil and spices were heated in a MAGNALite sauce-
pan (41/4.5 qt.) on a HOTPOINT stove (Model
RS8744GON1BG) over medium high heat (procuct tempera-
ture 102° C.) for about 20 seconds. The stewed tomatoes and
liquor were added to the oil/spice mixture and cocked al a
product temperature of 85° C. for 5 minutes.

The sauce was evaluated according to the method of
Example 5 and fouad to have the following cocoa polyphe-
nol content:

Pentamer Content: Trace Total Polyphenolic Content: 213

#8/8 -

One skilled in the art would readily appreciate how to
modify the recipe, for example by adding more chocolate
liquer, to obtain a product with higher cocoa polyphenol
content, particularly a higher pentamer content.

EXAMPLE 13

Cereal Product with Cocoa Powder Containing
Enhanced Levels of Cocoa Polyphenol

A cereal was made according to the following formuta-
tion:

Ingredient %

Soft Wheat Flour 37.09
Hard Wheat Flour 16.64
Sugnr, Granulated 30,33
Sodium bicarhonate 0.19
Monocalcium Phosphate 015
Glycerol Monostearate 0.43
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-continued
' Ingrediem % Ingredient %
Selt 1.73 5 Shonening 12.50
Cocoa Powder (from EX. 4) 13,40 Chocolate Liguor 0.41
Sugas 37.60
100.00 All Puspase Flour 23.48
Baking Powder 14
Sah 14
All of the ingredients except the cocoa powder were 10 Eggs 16,50
combined in a small ribbon blender and blended 3 minutes. Vanilia 23
At the end of the mixing cycle, alt of the blended materials 100.00

were pneumatically conveyed to an AccuRate Feeder. The
dry blend was fed through the AccuRate Feeder at 46 kg/hr,
along with the cocoa polyphenol cocoa powder, which was
fed through the K-tron Feeder at 6.18 kg/hr, into a Werner-
Plleiderer Twin Screw Extruder (Model ZSK57 with Bullet
Tips). Water was added at a rate of 1.2 1/hr. The extruder was
started up using standard operating procedures. Feed rates
for dry blend and water were adjusted to targets. The screw
RPM was set to 200. The cocoa feeder was adjusted to target
and cereal tubes were collected. Empty cereal tubes were fed
through the crimper and collected in 2 foot fengths. Separate
pitlows were made by snapping at crimped edges.

Results:
Pentamer Content: 23 ug/g
Total Polyphenolic Content: 3453 ug/g

EXAMPLE 14

Cooked Vanilla Pudding made with Cocoa
Polyphenol Exiract

Ast:;ndard cocked vanilla pudding was made according lo
the following formulation:

Ingredient %

JELL-O Vanills Pudding Mix 95.00

Cacon Polyphenol Extract 5.00
100.00

The pudding was cooked according to the following
procedure:

The cocoa polyphenol extract was made according to the
extraction process of Example 2 (method 1) and finely
ground using a Hamilton Beach Blendmaster blender
(Model #50100, type B12). Five percent of the extract was
added to the dry-pudding mix and blended using a wire
whip. Two cups of whole milk were added to the pudding
mixture in a MAGNA Lite saucepan. The dry mixture and
milk were cooked and stirred constantly using a wire whip
over medium heat on a HOTPOINT stove (Model
RS744GON1BG) until the mixture came to a full boil. The
pudding was removed from the heat, poured into & storage
container, and stored m the refrigerator.

Results:

Pentamer Content: 70 ug/g
Total Polyphenolic Content: 1559 ug/g

EXAMPLE 15

Brownies with Chocolate Liguor Containing
Enhanced Levels of Cocoa Polyphenol

Brownies were made using the chocolate liguor of
Example 7 to replace the unswectened chocolate of a
conventional recipe, according to the following fermulation:

15

25

45

55

65

The following procedure was used to make the brownies:

Cocoa polyphenol chocolate liquor and shortening were
placed into a Kitchen Aid K45 bowl The bowl was then
placed on top of a MAGNA Lite Saucepan (4 14.5 qt),
which had 345 grams of boiling {100° C.) water in it. This
double boiler was then heated on a HOTPOINT stove
(Model #RS744GON1BG) over low heat until melted, and
was removed from heat. The sugar, eges and vanilla were
mixed into the melted mixture. The remaining dry ingredi-
ents were mixed in and the dough spread into a greased
13"x9"x2" baking pan. The brownies were baked at 3500F
in 8 HOTPOINT oven (Model #RS744GON1BG) for about
30 minwtes until the brownies pulled away from the sides of
the pan. ‘

Results:
Pentamer Content: 97 ug/g
Total Polyphenolic Content: 2981 ug/g

EXAMPLE 16

Chocolate Cookies with Cocoa Powder Containing
Enhanced Levels of Cocoa Polyphenol

Chocolate cookies were made using the cocoa powder of
Example 4 according to the following formulation:

[ngredient %
Soft Butter 30.5¢
Confectioner's Sugar 7.60
Unsifted Floor 45.80
Cocos Polyphenot Cocon Powder 15.30
Water 35
Vanilia Fxtract 45
100.00

The process outlined below was used to make the cookies:

The oven was pre-heated fo 325° F. The bufter and
one-fourth of the sugar were creamed in a Kitchen Aid
Model KSM%) for about 2 minutes. The remaining 1ogre-
dients were added and mixed well (approx. 3 minutes). The
dough was shaped into small balls and put on an ungreased
cookie sheet. Cookies were baked at 325° F. for 15-17
minutes,

Results {Afier Baking):
Pentamer Content: 46 ug/g
Total Polyphenolic Content: 3841 ug/g

EXAMFLE 17

Rice and Sauce Mix with Cocoz Polypherol
Extract

A rice and sauce mix is prepared using the formulation
below:
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Ingredient %
Seasoning Mix w/Cheese 11.00
Dried Vegetables 2,00
Dy Rice 83.00
Cicon Polyphenol Exiract 4.00
100.00

All of the ingredients are combined in a saucepan on the
stove, and are brought to a boil. Once the mixture is boiling,
the heat is reduced and the mixiure is simmered for abont 10
minuies.

Theoretical results assuming no toss during processing:
Pentamer Content: 1190 ug/g '

Total Polyphenolic Content: 15,000 ug/g
A rice and cheese sauce mix is prepared using the for-

10

56

mixed at 50 rpm unti! bomogenous, ahout 5 minutes. With
the mixer maning, the remaining ingredients were gradually
added in the following order and blended wntil homogenous;
micronuirients, flavor, cocoa powder, simple sugars,
maltodextrin, protein powder, and crisp rice/rice. The
blended energy bar mass was transferred to the hopper of the
Werner Lehara Continuous Rope Extruder. The extruder was
jacketed at 40° C. to keep the mass soft and pliable for
forming. The mass was ¢xtruded through the nozzle block
onto a conveyor belt that transferred the strips through a
cooling tunnel A guillotine was used to cui the bars to length
upon exiting the cooling teonel at 15-20° C.

Results: :
Pentamer Content; 22 ug/p
Total Polyphenolic Content; 1710 ug/g

EXAMPLE 19
Baby Food containing Cocoa Polyphenol Extract

mulation below: 20 A vegetable baby food containing cocoa polyphenol
extract is prepared using the following formulation:
Ingredies k)
Seasoning Mix w/Cheese 22.00 25 Fanmple 19A. Example 198
Dried Vegetables 200 Ingredicnt (%) (%)
Dy Rice 71.00
Cocoa Polyphenol Extract 4.00 Vegetzble™ 73 60
. Liguid® 2 3s
100.00 Cocoa 5 5
n Palyphenol .
N Extmct
All of the ingredients are combined in a saucepan with 2% et o - e -
cups water and 1 to 2 (ablespoons of butter. The mixture is 1DE (A ¥ 0lalDs, GICER Deams, pene, CAITOLS, and yellow squas
broughl to a boil and then is allowed to simmer for about 10 Togeedient (B): g liqid, forormla, or water
minutes, uptil most of the water is absorbed. The rice mixis .. Vegetables are cooked by steaming, microwave aven, or
then allowe.:d to sil for about 5 mimudes 10 allew the cheese ™ pojling (using small amounts of water which are retained for
sauce to thicken. . . . thinning the pureed food). After cooking, all ingredients are
Theorstical results assuming no loss during processing: mixed togeiher, placed in a blender and pureed until a
Pentamner Content: 1190 ug/g smooth consistency is reached.
Total Polyphenolic Content: 15000 ug/g 40 Theoretical results assuming no loss during processing:
EXAMPLE 18 Total Pentamer Content: 1488 ug/g
Total Polyphenolic Content: 18758 ug/g
Extruded Encrgy Bar Process with Cocoa Powder
Having Enhanced Levels of Cocoa Polyphenol EXAMPLE 20
Energy Bars were made using the cocoa powder of Pat Food with Cocoa Powder Having Enhanced
Example 4 having enhanced levels of Loe0a p-o[yphcno{ in Levels of Cocoa Polyphenal
place of natural cocoa powder, according to the following . .
recipe: A canned dog/cat food is prepared with cocoa powder
kaving enhanced levels of cocoa polyphenol using the
50 following formutation:
[ngredicnt %
Casbolydrate Syrup 20-30 Example 20A Example 20B
Fruit/Fruit Prepamtion 10-15 Ingredienta @) (%)
Protein Powder (milk or soy 520 55
ohgcrwin) ) s Meal/meat by-products 68 52
oButrients Waler 24 35
Simple Sugnrs 10-29 Cereals and grains t] 5
Malsodextrin 10-15 Colors, vitaming, 3 3
Crisp Rice/Rice 1013 minerals, gums,
goooa Polyphenol Cocaa Powder g—él 60 emuisifiers, flavorings,
At " ard preservatives
" Flavor 0.1-1.5 Cocoa Polyphenc] Cocoa 5 5

The ingredients were mixed in a JH Day 50 galion
jacketed stainless steel donble arm sigma blade mixture. The
mixer jacket was set to 50° C. The carbohydrate syrup, fat,
and fruit/fruit preparation was combined in the mixer and

o5

Powder

The mixture of meats, animal by-products, cereal com-
ponents and cocoa polyphenol cocoa powder are hermeti-
cally sealed in metal or plastic containers and processed at
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temperatures and pressures sufficient to render them com-
merciaily stenile. The product is heat freated in hermetically
sealed containers with an Fo value of 3.0 or more, for canned
pet food.

Theoretical results asseming no loss during processing:

Pentamer Comntent: 107 ug/g
Total Polyphenolic Content: 1554 ugfe

EXAMPLE 21

Dry Pet Food With Cocoa Powder Having
Enhanced Levels of Cocoa Polyphencl

A dry extruded dog/cat food is prepared with cocoa
powder having enhanced levels of cocoa polyphenols using
the following formulation:

Ingredient %
Greins, meat/meat by- 57-66
products, meat meals

Dairy by-products 24-33

Colors, vitemins, minemls, 3
gums, emuliifiers,

fAlavorings, and preservatives

Cocoa Pelypheno) Cocoa Powder s

The meal is processed in a cominuous cooking extruder
for approximately 20 seconds reaching 145° C. for approxi-
mately 10 seconds. The wet-formed pieces of pet food are
dried by means of a conventional belt dryer subjected to air
ternperatures of 125° C. for approximately 10 minutes. The
product is then coated with animal fat and/or emulsified,
hydrolyzed animal lissue,

Theoretical results assuming no loss during processing:

Pentamer Content: 107 ug/g
Total Polyphenolic Content: 1554 ug/g

. EXAMPLE 22
Chocolate syrup With Cocoa Polyphenol Cocoa
Powder

A chocolate variegating and sundae topping syrup con-
laining the cocox polyphenol cocoa powder are prepared
using the folfowing formula:

Economy Premium
Ingredients Farmnuls (%) Formula {%)
‘Water 30.74 31.56
Corn syrap 35.07 0.9
golida
Sucrose 22.20 2094
Cocoa 8.88 7.98
Priyphenol
Cocoa Powder
Hydrogenated 0 598
vegetable
[£.33
Milk solida 222 1.99
non-fat
CC-801* 012 149
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~continued
Economy Premiom
. Engredients Formula {%) Formuls {%)
CC-2580 017 .15
{emnlsifier}
100.00 100,00

“CC-801 (Pectin, Dextrose, Sodium citrate) is added at 0.20% in the
above formmulas for chocolate sundae topping symup: remeinder replaced
with water to 100%.

For each pound of CC-801, one gallon of water from the
formula is heated to 180° F. in a small vat. The CC-801 is
stirred in and is set aside until ready to homogenize ihe
complete batch, The balance of the water is added to a
steam-jacketed vat. In the following order, the sucrose, milk
solids non-fat, and com-symip solids are incorporated. The
balance of the ingredients are then added in any order. The
mixture is heated to 185° F. and beld for 5 minutes. The
CC-801 solution is added and mixed thoroughly. The batch
is at 1000 psi (if not homogenizing, increase the stabilizer
35%). The product is pumped into sanitized containers and
stored in a cooler at 40° F, to allow the product o set up,
Theoretical results assuming no loss during processing:
Pentamer Content: 171 pug/g
Total Polyphenolic Content: 2486 ug/g

EXAMPLE 23

Hard Candy

Formed and deposited types of hard candy are prepared
using the formulation below by the methods described in
Lees & Jackson, 1st Edition, Sugar Confectionery and
Chocolate Manufactire, pages 176186 (1995).

Hard candy Formula %

Svgar 42.85%
High Maltose Com Syrup 18.09%
Water 12.19%
Buffered Eactic Acid 1.90%
Flavoring 0.19%
Coloring 0.0057%
Cocon Polyphenol Cocon Powdar 4,77%

Theoretical results assuming no loss during processing:
Pentamer Content: 102 pyg/g
Total Polyphenolic Content: 1482 ug/g

EXAMPLE 24

Rice Cake with Cocoa Polyphenol Cocoa Powder

A cocoa polypheno] cocoa powder covered rice cake was
prepared using the following ingredients:

Puffed Rice Cake (made by a methed similar to that set

forth in U.S. Pat. No. 4,888,180)

N-Tack (corn syrup solids in 30% solution)

Cocoa Polyphenol Cocoa Powder Mix

A prepared rice cake was coaled with a thin layer of
N-Tack solstion. The coated rice cake was immediately
placed in a bag containing the cocoa polyphenol mix and
coated. The cake was then shaken to remove excess cocoa
polyphenol mix. The cake was given a second application of
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N-Tack and mix resulting in approximately.df grams of cocoa
polyphenol mix being applied to the puffed rice cake.

Theoretical Actual
Pentamer Content 252 38
(pe/g}
Total 3655 4542
Polyphenolic
Content (pg/g)
EXAMPLE 25

Fruit and Grain Pastry Bar with Cocoa Polyphenol
Extract

A strawberry fruit filling was made according to the
folowing formmlation:

[ngredicat wet wt % amouant {g)

Xanthar gum, 10 5.0
extra fine
Hydrogenated 128 6,25
soybean oil
Weter 10.0 50.0
Giycerin USP or T8 350
food grade
Com syiof solids 56,23 281.2
Maltrin M250
{78% solids with
61.9 g water)
Eow moisture 50 25.0
apple flake
powder
Matural 2.0 10.0
strawberry flavor
Stmwhberry puree 120 §0.0
concenimis
Malic acid, fine 035 25
grunzlar
Red #40 0.02 0.3
suswherry color
Cocoa Polyphenol 5.0 25.0
Extract

100.00 5G0.00

For making the fruit filling, the gumn was hydrated in cold
water using a blender. The com syrup solids, water, fruit
puree, cocoa polyphenol extract and glycerin were cooked
on a stove top using medium to high beal to a temperature
of 230% F. measured with a Wahl thermocouple thermometer.
The mixture was removed from the heat and allowed 1o cool,
Hydrated gum was added 1o the mixture and the mixture was
heated to 216° F. The mixture was again removed from the
heat and allowed to cool for at least 5 minutes. Acid, color,
apple powder and melted fat were added to the mixture, and
the mixture was allowed to cool for 2 additional minutes.
Flavor was added to Lhe mixture with thorough mixing.

Results:
Pentamer Content: 349 ug/g
Total Polyphenolic Content: 12,77t ug/g

The pastry wrapper was made according to the following
formulation:
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Ingredient wet wt % amount (g)

Blended flour 365 1825

30% hard flor

(54.75 @)

0% soft flons

(12775 g) .

Brown sugar 14.6 73.0

romsied oata

Wheat braa 13 365

Gum arabic 0.6 a0
» {Acacia FOC)

Keleo gum 0.6 30

(Relite CM)

Soy lecithin 0.8 4.0

Sadium 0.6 a0

bicarhonate

Sodiom acid 0.4 20

pyrophosphale

Brown sugar, 6.3 315

granolated

Hydrogenated 52 26.0

soybean oil

Water 2122 106.3
' Flons salt 10 50

Glyeerin USP or 4.1 20.5

food grade

Keleo GFS, 0.78 38

prehydrated

100.00 500.00

For making the pastry wrapper, the gum arabic, Kelite
CM, sodium bicarbonate, sodium acid pyrophosphate, salt,
Kelco GFS and glycerin were hydrated in water using a
blender. Lecithin was stirred into melted fat. The remaining
dry ingredients were added to a mixing bowl. The fat blend
was added to the dry ingredients using a Kitchen Aid mixer
on speed 2. The gum blend was slowly added into the mixing
bowl. After mixing, the dough was worked by hand into a
ball. The dough was proofed for 15 minutes covered with a
wet paper towel to decrease stickiness. A Rondo Sheeter
{(Sewer Ronda, Inc. STES33) was used to achieve a dough
thickness of 2.5 mm. The dough was cut into 4"x4" squares
weighing 33 g.

Using a pastry bag, 19.5 g of the fruit filling was applied
on top of each dough square. The dough was folded over to
make & bar and the ends of the bar were sealed shut with
crimping. Using a knife, holes were poked in the top of the
bar to help heat escape and to prevent bar explosion.

The bars were baked for 6% minntes at 375° F. The weight
of the final, baked bar was 45.5 g.

Results:
Pentamer Content: 105 pg/g
Total Polyphenolic Content: 5,851 ug/g
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EXAMPLE 26

Carame] Chew with Cocoa Powder Containing
Enhanced Levels of Cocoa Polyphenot
Sample A: Cocoa Polyphenol Caramel Chew 15

Final
Chocolate
Chew
After
Carame] Cocon/Sugar Cooking
pottion Premix {Dry wt.
Ingredicnts (67.00%) {33.00%) basis)
63 DE Com 56.70 3500
Syrp
Salt 0.62 0.44
Sweetened 34.20 1771
Condeneed
Skim Milk
Pariially 8,50 6.30
Hydrogenated
Soy Benn Ol
5016
Cocon 455 14,66
Polyphenol
Cocon 0117278
Forddant Sugar 54.5 18.00
(Redi-Fond
from Domino
Sugns)
Water 7.90
100.03 100.00 100.00

The caramel portion was batched according to the above
formulation and combined with agitating and steam in 2
Groen kettle. The mixture was heated slowly with agitation
10 235° F. and coaled to 200° E. or lower,

For smaking the finished chocolate chew, the cocoa
polyphenol cocoa powder and fondant sugar were blended.
The caramel portion (67.0% of the final formula) wes placed
in a Hobart Mixer. While mixing, the cocoa/sugar premix
(33.0% of the fingl formula) was slowly added. The formu-
lation was slabbed to the desired thickness (10 mm). After
cooling and selting up (about 2 hours), the formulation was
cut to the desired size (20 mm squares).

Results:

Pentamer Content {cocoa added at 140° F.): 95 ug/g
Total Polyphenalic Content (cocoa added at 140° F): 2195

Hale

Sample B: Cocoa Polyphenol Caramel Chew 22

Final
Chocolate
Coconf Chew After
Caramel Sogar Cooking
ion Premix (Dny wit.
Ingredients (57.00%) (33.00%) basis)
63 DE Com: Syap 56,70 3520
Salt 0.60 0.44
Sweetened 34.20 1770
Condenaed Skim
Milk
Partiatly 8.50 6.29
Hydrogenated Soy
Bean Oif 6036
Cocoa Polyphenol 66.7 2134
Coaoz 0117978
Fondant Sugar 333 10.95
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-continned
Final
Chocolate
Cocon/ Chew After
Caramel Sugar Cooking
portion Premix wt.
Ingredients (67.00%) (33.00%) baiis)
{Redi-Fond from
Domino Sugar)
Water 8.08
100,00 15000 | 180.00

The caramel portion was batched according to the above
formplation and combined with agitating and steam in a
Groen kettle. The mixture was heated slowly with agitation
10 235° F. and cooled 16 200° F, or lower.

For making the finished chocolate chew, the cocoa
polyphenol cocoa powder and fondant sugar were blended.
The caramel portion (67.0% of the final formula) was placed
in a Hobart Mixer. While mixing, the cocoa/sugar premix
(33.0% of the final formula) was slowly added. The formu-
lation was slabbed to the desired thickness (10 mm). After
cooling and setting up (about 2-hours), the forrpulation was
cut to the desired size (20 mm squares).

Results: ]

Pentamer Content (cocoa added at 140° E): 178 12/g
Pentamer Content (cocoa added at 200° F): 178 pug/g
Total Polyphenolic Content (cocoa added at 140° F): 4036

ey
Total Polyphenolic Content (cocoa added at 200° E): 3941
Hg/E

EXAMPLE 27

Sugar Tablets with Cocoa Powder Containing
Enhanced Levels of Cocoa Polylhenol

Wet process lablets were made according to the following
formulation:

Fina} Cocon Tablet

After Drying
Wet Cocoa Tablet (Dry wt basis)

Sucrose - 6X 41.30 5149
Cocoa 3500 42,08
Polyphenot
Cocoa Powder
Water 21.66 4.50
Gum Ambic 126 1.41
Crelatin 200 0.62 0.73
Bleom
Vanilla 4X .76 0.09

100.00 160.00

The gelatin was soaked in water and the sucrose was
premixed with the cocoa polyphenol cocoa powder. After
the gelatin is hydrated, it was heated to 90° C. and gum
arabic was added with high shear. This solution, with fiavor,
was mixed into ¥ of the sucrose/cocoa mixture, and the
remaining sucrose/cocoa was sfowly added while mixing (in
a Hobart or Kitchen Aid Ultra Power mixer). The formuia-
tion was mixed for 1015 minutes and slabbed to the desired
thickness (~5 mm). After drying and punching out in the
desired shape (discs), the pieces were dried further to a final
moisture of approximately 3-6%.
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Analytical resulis:

Total
Procyanidin  Pentamers
microgram/ microgram  moisture

Sample gam [gram percent  aotes
Tablet #5 with 13618 659 4.4  ambient
Cocon Polypheno! dried
112696M
Tablet #5 with 7602 jeatt 6.2 ambient
Cocon Polypherol dried
0117978
Tablet #5 Cocoa 8186 09 4.5 dried at
Polyphenol 0117978 120° F.
for
60 hours
EXAMPLE 28
Granola Bar

A grapola bar was made according to the following
formulation:

BINDER %
63 D.E. Corn Syrup 64,11
Partially Hydrogenated Soybean Gil 79
(6034)
Cocon Polyphenol Cocon Powder 10
Caleium Carbonate 7.4
Glycerin 7
Brown Sugar (Graulated) 1
Flour Ssit 1.5
Soy Lecithin 03
Propyigallate Schution 004
Vanitla Extract 0.75
100%

For making the binder, the hydrogenated soybean oil and
chocolate liquor were melted in a microwave oven at 55-64°
C. The soy lecithin was dispersed into the melted oil, and the
mixture was poured into a Cuisinart Mixer. 'The corn syrup
and glycerin were preheated in a microwave 1o 70° C. to
reduce: the viscosity and added to the Cuisinant mixture
along with oil, lecithin, and liguor. The ingredients were
mixed in the Cuisinart for approximately 30 seconds, The
dry blended ingredients were slowly added to the Cuisinart
and mixed for approximately 1-2 minutes or until well
blended.

A fudge formulation using cocoa polyphenol cocoa pow-
der was made according to the following recipe:

FUDGE TOPPING %

Powdered Sugar {6X) 274
High Fructoae Comn Syrup {55%) 0.0
Parially Hydrogenated Soybesn Ofl 10.75
(6034)

Eactose (Alpha Mone) Q.25
Powdered Lactose {(Alpha Mono) 110
Cocon Polyphenoi Cocos Powder 1090
Glycerin 20
Non-Fat Dry Miik (Low-Heat) 54
Whater 2.0
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~continued
FUDGE TOPPING %
Calcivm Carbooate 1.35
Soy Lecithin 035
Sait .25
Vanilia 0.5
100%

For making the fudge topping, the dry ingredients accord-
ing to the above recipe were blended in a Kitchen Aid mixer
on low speed for approximately 3—4 minutes or until welf
blended. The hydrogenated soybean ol was melted in a
microwave oven al 55-64° C. The soy lecithin was dispersed
in the melted oil The oil/lecithin mixture was poured into
the blended dry ingredienis in a Hobart Mixer running on
slow speed. The speed of the mixture was gradually
increased and the water, glycerin, and high fructose com
syrup was added into the mix. The resulting fudge topping
was mixed for 2-3 mimutes or until thoroughly blended.

The finished bars were made according to the following
formulations:

QGranola Recipe:
Crisp Rice 30.2
Mini Wheat Flakes 337
Brown Sogar Oaty 35.1
100%
Finished Produc! Profile:
%
Chocolate 7
(5% Cocon Polyphenol Cocon Powder)
Granola/Rice 21
Binder 21
Fudge 21
100%

The finished product was made according to the follow-
ing:

The granola was blended with the binder and slabbed onto
wax paper with a rolling pin to about 15 mm high. The fudge
topping was slabbed onto the granola base and allowed 1o set
for about an hour. The bars were cut to the following
dimensions:

Height 15 mm
Width 25 mm
Length 84 mm

Cut bars were then enrobed in Cocoa Polyphenol choco-
{ate.

Results:
Pentamer: 104 pg/g
Total Polyohenolics: 2215 ug/g

EXAMPLE 29

Cocoa Polyphenol Milk Chocolate with Cinnamon
Caramel

golyphcno[ milk chocolate was hand tempered at
F. The tempered chocolate was then used to make

Cocoa
86° F.-88
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shells to various shaped molds. 965 grams of standard
Caramel was warmed 1o 55° C, 20 grams of cocoa polyphe-
ol cocoa powder and 15 grams of cinpamon were added to
the warmed caramel and mixed well. The caramel was
allowed to cool and was then pastry bagged into chocolate
shells, The shells were then bottomed with tempered chooo-
late and removed from the molds. The molded picce con-
sisted of 6 grams of cocoa polyphenol milk chocolate and 4
grams of caramel containing 2.0% cocoa polyphenol cocos

powder.
Finished Product:
Ingredicnt Usage Level %
Cocoa Polypheno] Milk 60
Chocolate
Cocoa Polyphene] Caramel 40
100%
Results:
Pentamer: 79.8 up/g

EXAMPLE 30

Cocoa Polyphenol Milk Chocolate with Chocolate-
Flavored Nougat

Cocpa polyphenol milk chocolate was hand tempered at
86° F.-88° F. The tempered chocolate was then used to make
shells in various shaped molds. The formula for chocolate-
flavored nougat was used to meake frappe. 5 grams of cocoa
polyphenol cocoa powder was added to 104 grams of slurry
which was folded into the frappe a1 & ratio of 92.4(0¢% frappe
to 7.60% slurry. The finished chocolate-flavored nougat was
then stabbed onto the cooling teble and cut to flt the molded
shells. The shells were then bottomed with tempered cocoa
polyphenal chocolate and removed from the molds. The
molded piece consisted of 22.5 grams of cocoa polyphenol
milk chocolate and 12.5 grams of chocolate-flavored nougat.

Cocon Polyphencl Nougat Piect Wt = 35 g Choe/Centar
Ingredient Usage Level - 205 gl25g
Chacolate-Flavored Nougat  35.71% 17
Cocor Polyphenol 64.29%
Milk Chocolate
Results:
Pentamer: 80.3 ug/g
EXAMPLE 31

Cocoa Polyphenol Dark Chocolate with Chocolate-
Flavored Nougat

Cocea polyphenol milk chocolate was hand tempered at
86° F.—84° F. The tempered chocolate was then used to make
shells i various shaped molds. The formula for chocolate-
flavored nougat was used to make frappe. 5 grams of cocoa
polyphenol cocoa powder and 75 grams of cocoa polyphenol
dark chocolate was added to 104 grams shsrry which was
folded into the frappe at a racial of 92.40% frappe 0 7.60%
slurry. The finished chocolate-flavored nougat was then
slabbed onto the cooling table and cut to fit the molded
shells. The shells were then bottomed with tempered cocoa
polyphenol chocolate and removed from the molds. The
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molded piece consisted of 22.5 grams of cocoa polyphenol
dark chocolate and 12.5 grams of chocolate-flavored nougat.
Cocoa Polyphenol Chocolate-Flavored Noungat

Ingredient Usage Level  # of Samplee
Chocolute-Flavered Nougat 84.59% 206
Coooa Poiyphenol Dark Chocolate 15.0%

Cocoa Polypheno] Cocoa Powder 0.11%

Results:
Pentamer: 43.2 ug/g

What is claimed 1s: )

1. An improved method for preparing chocolate liguor
and partially defatted cocoz solids from the roasted cocoa
beans or roasied cocoa nibs, the improvement comprising
the selection of cocoa beans or blends thereof having a
fermentation factor of 275 or iess,

2. The method of claim 1, which comprises the steps of:

(a) roasting the selected cocoa beans or blends thereof 1o

an internal bean temperature of about 95° C. to about
160° C,

(b} winnowing the cocoa nibs from the roasted cocoa

beans, and

(¢} milling the cocoa nibs into the chocolale liquor.

3. The method of claim 1, which comprises the steps of:

(a) heating the selected cocoa beans at a temrperature to

about 95° to about 135° C. 10 loosen the cocoa shell
from the cocoa nibs;

{b) winnowing the cocoa nibs from the cocoa shells;

{¢) roasting the cocoa nibs to an internal nib temperatare

of about 95¢ C. o about 166° C.; and

(d) milling the roasted nibs into the chocolate liquor.

4, The method of claim ¥, which comprises the steps of:

(a) roasting the selected cocoa beans or blends thereof 1o

an internal bean temperature of about 95° C. to about
160° C.;

(b) winnowing the roasted cocoa nihs from the roasted

oocoa beans;

(¢) milling the masted cocoa mbs into the chocolate

liquor; and

(d) recovering cocoa butter and the partially defatted

cocoa solids from the cocoa liguor.

5. The method of ¢laim 1, which comprises the steps of:

(a) beating the selecied cocoa beans or blends thereof to

a temperature just sufficient to loosen the cocoa shell
from the cocoa nibs;

{b) winnowing the cocoa nibs from the cocoa shells;

(c) roasting the cocoa nibs to ap internal nib temperature

of about 95° C. to about 150° C,;

(d) milling the roasted nibs into the chocolate liquor; and

(¢) recovering cocoa butter and the partially defafted

cocoa solids from the cocoa liguor.

6. The method of claims 2, 3, 4, or 8, wherein the roasting
temperature is about 95° C. to about 120° C.

7. The method of claim 6 wherein the roasting time is 1
minute to 1 hour.

8. Roasted cocoa nibs, or fractions thereof, prepared from
cocoa beans having a fermentation factor of 275 or less.

9. Chocolate liguor prepared from roasted cocoa beans
having a fermentation factor of 275 or less.

10. Chocolate liguor containing at least about 50,000 g
of total cocng procyanidins per gram of nonfat cocoa solids.
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11. Chocolate liquor containing at least about 5,000 ug of
cocoa procyanidin pentamer per gram of nonfat cocoa
solids.

12. A food containing the chocolate liquor of claims 9, 10,
or 11.

13. The food product of claim 12 wherein the food
product is a pet food, a dry cocoa mix, a pudding, a syrup,
a cookic, A SavOry sauce, a rice mix, a rice cake, or chocolate
confectionary. :

14. Partially defatted cocoa solids prepared from roasted
cocoa beans or blends thereof having a fermentation factor
of 275 or less.

15. Partially defatted cocoa solids containing at least
about 50,000 ug of cocoa procyanidis pentamer per gram of
nonfat cocoa solids.

16. Partially defatted cocoa solids contzining at Jeast
about 5,000 ug of cocoa precyanidin pentamer per gram of
nonfat cocoa solids. :

17. A food containing the panifally defatted cocoa solids
of claim 14, 15, or 16.

18. The food product of claim 17, wherein the food
product is a pet food, a dry cocoa mix, a pudding, a syrup,
a cookie, a SaVory sauce, a rice mix, a rice cake, or chocolate
confectionary.

19. An extract containing cocoa polyphenols inchuding
cocoa procyamidins, which is prepared by solvent extracting
partially defatted cocoa solids prepared from cocoa beans or
cocoa aibs having a fermentation factor of 275 or less which
kave been roasted to an internal bean or nib temperature of
about 95° C. to about 160° C.

20. A food containing the extract of claim 11,

21. The food product of claim 20, wherein the food
product is a pet food, a dry cocoa mix, a pudding, & syrup,
a cookie, & savory sauce, a rice mix, a rice cake, or chocolate
confectionary.

22, A food product containing at least about 15,100 tg of
total cocoa procyanidins per gram of nonfat cocoa solids,
when the nonfat cocoa solids content of the food preduct is
less than or equal to 7% by weight based on the 1otal weight
of the food product.

23, A food product containing at least about 700 ug of
cocos procyanidin pemtamer per gram of cocoa solids, when
the nonfat cocoa solids content of the food product is less
than or equal to 7% by weight based on the 1otal weight of
the food product.

24. The food product of claim 22 wherein the food
product is a milk chocolate,
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25. A food product containing at least 17,000 g of fotal
cocoa procyanidins per gram of nonfat cocoa solids, when
the nonfat cocoa solids content of the food product is less
than or equal 1o about 139% based on the total weight of the
food product.

26. A food product containing at least 1400 ug of cocoa
procyanidin pentamer per gram of nonfat cocoa solids, when
the nonfat cocoa solids content of the food product is less
than or equal to about 16% based on the total weight of the
food product.

27. A food product containing at least about 22 065 ug of
tolal cocoa procyanidins per gram of cocoa nonfat solids,
when the nonfat cocoa sclids content of the food product is
at least about 35% nonfat cocoa solids based on the total
weight of the food product.

28. A food product containing at least about 20,500 ug of
total cocoa procyanidins per gram of nonfat cocoa solids,
when the nonfat cocoa solids content of the food product 1s
at least about 37% nonfat cocoa solids based on the total
weight of the food product.

29. A food product containing at least about 1,860 ug of
cocos procyanmidin pentamer per gram of nonfat cocoa
solids, when the nonfat cocoa solids content of the food
product is at least about 37% nonfat cocoa solids based on
the total weight of the food product.

30. The food product of cleim 22, wherein the food
product is a dark chocolate,

31. A food product containing at feast about 15,000 ug of
total cocoa procyanidins per gram of ponfat cocoa solids,
when the nonfat cocoa solids content of the food product is
less than about 30% based on the total weight of the food
product.

32. A cocoa powder dry mix containing about 4325 ug of
tota} cocoa procyanidins per gram of nonfat cocoa solids,
when the nonfat cocoa solids content of the dry mix is about
16% based on the total weight of the dry mix.

33. Amethod of improving the health of a mammal, which
method comprises administering to the memmal & compo-
sition containing at leas! one cocoz polyphenol ingredient,
which ingredient is selected from the group consisting of
chocolate lquor, partially defatted cocoa solids, synthetic
procyanidin monomers and oligomers, derivatives of the
synthetic procyenidin meonomers and oligomers, which
ingredienis are prepared from vnderfenmented cocoa beans
having a fermentation factor of 275 or less.
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UNITED STATES PATENT AND TRADEMARK OFFICE.
CERTIFICATE OF CORRECTION

PATENT NO. :6,312,753 Bl Pagelof 1
DATED : November 6, 2001
INVENTOR(S}) : Kirk S. Kealey et al.

It is certified that error appears in the above-identified patent and that said Leiters Patent is
heraby corrected as shown balow: i

Column 6
Line 46, "cocoa liquor™ has been deleted, and -- chocolate liquor -- has been inserted

therefor,
Line 64, after "roasted cocoa beans”, -- or blends thereof -- has been inserted.

Column 67,
Line 31, "11" has been changed to -- 19 -

Columns 67-68,
Claims 23, 26, 27, 28, 29 and 33 have been deleted.

Signed and Sealed this

Fourth Pay of June, 2002

Altest:

JAMES E. ROGAN
Attesting Officer Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,312,753B1 Page 1 of 1
DATED : November 6, 2001
INVENTOR(S) : Kirk S. Kealsey et al.

It is certified that error appears in the above-identified patent and that said lstters Patent is
hereby corrected as shown below:

Column 67 .
Line 14, “cocoa procyanidin pentamer” has been deleted and -- total cocoa

procyanidins -- has been inserted therefor.

Signed and Sealed this

Eighteenth Day of May, 2004

JON W. DUDAS
Actng Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NOQ. 16,312,753 BI Page 1 of 1
APPLICATION NO. : 09/234353

DATED : November 6, 2001

INVENTOR(S) : Kirk S. Kealey et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shawn below:

On the title page, item:
At (63)

Delete “Continuation of Application No. 09/041,326 filed on Mar. 12, 1998, now Pat.
No. 6,194,020, and a continuation”™

Insert — Continuation --

Signed and Sealed this

Third Day of October, 2006

M-

JON W. DUDAS
Director of the United States Potent and Trodemark Office




